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Abstract 
  The molecular evolution of the Influenza A virus is a complex process.   While it is recognized that recombination events are a driving force behind the ever‐changing virulence of influenza, evidence has also been presented in support of Darwinian evolution.  Often, codon positions considered in analyses of selective pressures are found in epitopes and sites where mutations confer resistance to antiviral medications.  Here, an attempt is made to distinguish between divergent selective pressures acting on geographically distinct datasets.  The goal of this study was to use this information to identify sites within the hemagglutinin, neuraminidase, and matrix proteins of influenza A H3N2 that enable the virus to adapt to various environments.  Though much support was returned in favor of contrasting selective pressures acting between the various locations considered, further research will be required to decisively link these to viral response to changes in climate. 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I. Introduction 
A. The Influenza Virus The influenza virus is a significant cause of morbidity and mortality worldwide.  It is estimated that influenza is the cause of over 36,000 deaths in the United States alone each year and more than 200,000 hospitalizations (Thompson et al., 2003).  Worldwide influenza causes between one quarter to one half million deaths annually (National Institutes of Health, 2007).  The most severe influenza pandemic occurred in 1918, caused by a strain known as “the Spanish flu”.  It has been estimated that this particular viral strain caused 40‐100 million deaths (Davis, 2007). This strain had a mortality rate ranging from 2‐20%, as compared to the typical influenza A infection which has a mortality rate of about 0.1% (Davis, 2007).  Pandemics also occurred in 1957 and 1968 (“Flu pandemic timeline”, 2005).  Other significant influenza virus activity in the United States took place during the winters of 1999‐2000 and 2003‐2004 (Derlet, 2007).  The influenza virus invades the host through airway and respiratory tract epithelial cells (Derlet, 2007). The virus binds to epithelial cell receptors containing sialic acid. Once internalized into the epithelial cell, the virus disrupts cell function and causes degeneration.  At the same time, viral replication and release of viral progeny take place (Derlet, 2007).  The response of inflammatory mediators results in the symptoms of fever, headache, lethargy, cough, sore throat, runny or stuffy nose, body aches, diarrhea and vomiting (“Influenza symptoms”, 2007).  The average influenza incubation period is 2 days, with a range of 1‐4 days (“Flu pandemic timeline”, 2005). 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 Influenza belongs to the family Orthomyxoviridae.  There are three basic types of influenza virus: A, B, and C.  Influenza C causes only a very mild respiratory illness, or often no symptoms at all (Davis, 2007).  While influenza A and B both cause epidemics of respiratory illness, influenza A is typically more pathogenic than influenza B.  Influenza A can infect most species including pigs, birds, and humans.  Influenza A virions vary from elongated filaments, typically found in human isolates, to spherical forms usually found in laboratory lineages.  Typically 100nm in diameter; virion size and shape also varies with strain (Steinhauer & Skehel, 2002).  The influenza genome is composed of negative‐sense RNA, divided into eight individual segments (Steinhauer & Skehel, 2002; Horne et al., 1960; Hoyle et al., 1961).  These eight segments encode ten proteins in influenza A and eleven proteins in influenza B (Derlet, 2007; Wiley et al., 1981).  Influenza A proteins include the matrix proteins M1 and M2; one nucleoprotein (NP); the polymerase proteins PA, PB1, PB2; ‘nonstructural’ proteins NS1 and NS2; and the external glycoproteins hemagglutinin (HA) and neuraminidase (NA) (Peters et al., 2005). The gene segments encoding these proteins range in size from 890 nucleotides to 2,341 nucleotides (Steinhauer & Skehel, 2002).  The size of the total genome is about 13,500bp.  Segments 1, 2, and 3 encode proteins PB2, PB1, and PA, respectively.  These proteins are named for their basic (PB2 & PB1) and acidic (PA) properties and are the subunits that comprise the viral polymerase.  Together their role is to transcribe messenger RNAs (mRNAs), synthesize cRNAs, and then transcribe these cRNAs into viral RNAs (vRNAs) (Steinhauer & Skehel, 2002). 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Every genome segment is encapsidated by the polymerase complex and several nucleoprotein (NP) monomers, forming helical RNP (Garaigorta & Ortín, 2007).  Influenza nucleoprotein (NP) is encoded by segment 5 of the genome.  These ribonucleoprotein complexes (RNPs) serve as templates for viral replication and transcription (Garaigorta & Ortín, 2007). Without the encapsulating NP, the viral polymerase would be unable to recognize vRNAs and cRNAs as templates (Steinhauer & Skehel, 2002).         Hemagglutinin is encoded by segment 4 of the influenza genome.  The structure of hemagglutinin (also spelled haemagglutinin) was described by Wilson, Skehel, and Wiley as a three domain assembly with two structurally distinct regions (1981).   It consists of 1768 nucleotides encoding 567 (Ju et al., 1980) or 566 (Wilson et al., 1981) amino acids.  The first 16 amino acids of the transcript encode a ‘signal peptide’ that is subsequently lost as the protein becomes embedded into the membrane (Wiley et al., 1981; Ju et al., 1980).  This N‐terminal hydrophobic peptide is a common feature of membrane glycoproteins.  The next 328 amino acids encode the HA1 domain of the mature hemagglutinin (positions 17‐344 of the entire coding region sequence) (Wilson et al., 1981).  A single arginine residue segregates the HA1 from the HA2 domain at residue 329 (345 numbering including the first 16 amino acids) (Wilson et al., 1981).  The HA2 domain completes the HA protein, encoded by the final 221 amino acids (Ju et al., 1980; Wilson et al., 1981).   These are residues 346‐566 if numbering includes the entire coding region sequence; however, traditional number systems describe the HA1 and HA2 domains independently, excluding the 16 amino acid ‘signal peptide’ and single arginine residue. 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Together with neuraminidase, this protein projects out from the lipid envelope surrounding the outer surface of the virus particle.  It is the hemagglutinin protein that allows the virus to bind to sialic acid containing host cells and enables membrane fusion for virus entry into these cells (Steinhauer & Skehel, 2002). This liberates the viral genome into the cytoplasm of the host cell (Lamb & Choppin, 1983).  In the presence of antibody to HA, the influenza virus is unable to infect the host cell, making antibody to HA the primary determinant of immunity (Steinhauer & Skehel, 2002).     Four antigenic sites of influenza hemagglutinin were identified by Wiley, Wilson and Skehel in 1981.  They found that a single amino acid substitution in any one of these sites could produce a new epidemic strain, as was observed between 1968 and 1975 (Wiley et al., 1981).    Later, Wilson and Cox proposed that epidemically important strains arise from no less than four substitutions in two or more of these antigenic sites (1990).  They also designated a 5th antigenic site, site E (Wilson & Cox, 1990).  Of these five B‐cell epitopes, antigenic site A has been described as the ideal location for antibody binding and amino acid replacements (Wiley et al., 1981).  However, others have found site B to be the preferred site for amino acid substitutions (Bragstad et al., 2008; Munoz & Deem, 2005).   Neuraminidase, the second surface glycoprotein, is encoded by segment 6 of the genome. The basic structure of Neuraminidase consists of a thin stalk‐like structure on top of which a box‐shaped head made of four symmetrical subunits is attached (Varghese et al., 1983).   It is in the upper corners of this box‐shaped tetramer that the catalytic sites of this protein are found (Colman et al., 1983). 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Neruaminidase has three B‐cell epitopes, A‐C, as describe by Air et al. (1981) and two T‐cell epitopes (Gianfrani et al., 2000; Wedermeyer et al., 2001).   This protein is active in late stages of infection as it is responsible for cleaving sialic acid from virus and host cell glycoconjugates, preventing virus aggregates (Gulati et al., 2003).  This is an essential step for the mature virions to be released from the host cell (Steinhauer & Skehel, 2002).   It has also been suggested that NA aids in viral access to the cell by catalyzing cleavage between the sialic acid and sugar residue in mucus secretions (Tabak et al., 1982).  A more recent study, Liu and Air, denies NA involvement in viral entry, replication, assembly, or budding (1993).  Antibodies against NA are unable to directly neutralize viral activity (Kilbourne et al., 1968), but they nevertheless reduce pulmonary titer as well as the size and number of lung lesions (Schulman & Palese, 1977), thereby providing some protection against the virus.        Two proteins are encoded by segment 7 of the genome, the matrix proteins M1 and M2 (Steinhauer & Skehel, 2002).  Alternative splicing of this segment results in formation of one or the other of these proteins (Garaigorta & Ortín, 2007; Lamb, Lai & Choppin, 1981).  The mature M1 protein is 252 residues in length (Suzuki, 2006) and it plays a role in virion structure, lining the inside of the lipid envelope (Steinhauer & Skehel, 2002).  It is also thought to be involved in virus assembly and budding (Steinhauer & Skehel, 2002).  Additionally, research has indicated that M1 may interact with the RNPs, as well as the cytoplasmic regions of HA, NA, and perhaps M2 (Steinhauer & Skehel, 2002). 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The M2 protein is 92 amino acid residues long, overlapping with positions 9‐24 and 239‐252 of the M1 protein (Suzuki, 2006).  It is a transmembrane protein with ion channel activity (Steinhauer & Skehel, 2002; Wang at al.,1993).  During initial stages of infection, this proton channel activity plays a role in virus disassembly (Steinhauer & Skehel, 2002).  The antiviral drug amantadine blocks this activity, preventing virus replication (Wang et al., 1993; Belshe et al., 1988; Hay et al., 1986).  One B‐cell epitope has been identified in M2 (Zebedee & Lamb, 1988). Additionally, a number of T‐cell epitopes have been described for both M1 and M2 (Suzuki, 2006).   The last two influenza A proteins, NS1 and NS2, are encoded by segment 8 of the genome.  Originally thought to be non‐structural, it has now been shown that NS2 is a component of virions (Steinhauer & Skehel, 2002).   It also helps control the export of RNPs from the nucleus.  Due to this function, it is also referred to as the nuclear export protein (NEP). NS1 is involved in regulation of mRNA splicing and translation, as well as interferon responses to viral infection (Steinhauer & Skehel, 2002).                    The influenza virus is constantly changing due to mutations within its RNA genome, a result of its error‐prone polymerase that lacks a proofreading mechanism, a common characteristic of RNA viruses (Steinhauer & Skehel, 2002).  Gradual accumulation of mutations within single nucleotides over time is known as ‘antigenic drift’.  While these changes may have implications for immunity to drug treatments and vaccines, they do not create pandemic strains of virus.   Drift events 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tend to occur every 1‐2 years (Jou et al., 1908).   Influenza B only undergoes antigenic drift (Davis, 2007).   Influenza A, on the other hand, also mutates in a manner referred to as ‘antigenic shift’.  In antigenic shift, entire genomic segments are exchanged between viruses.  This property is made possible due to the segmented structure of the influenza genome, and was first observed by Burent and Lind in 1949 (Steinhauer & Skehel, 2002; Burnet & Lind, 1951).  If the genomic segments encoding the hemagglutinin and/or neuraminidase proteins are exchanged, a new subtype of virus can emerge (Davis, 2007).   It is the surface glycoproteins, HA and NA, that determines the subtype of virus (Derlet, 2007).  There have been 16 subtypes of hemagglutinin and nine of neuraminidase identified (Davis, 2007).  This reassortment of viral proteins can occur when one organism is simultaneously infected with two different viral strains. Typically, antigenic shift events have been known to take place about once every ten years (Jou et al., 1980).    Pandemic strains of influenza arise from antigenic shift events.  When a novel HA subtype (possibly associated with a novel NA subtype) successfully infects human populations for the first time, the population does not have antibodies to effectively fight off the new type of infection. The viral infection therefore is more severe and spreads more easily than infections caused by subtypes that already exist in the population.  This is known as a pandemic.  Pandemics have occurred in the US in 1918, 1957, and 1968, as mentioned above.  The pandemic of 1957, known as the Asian influenza pandemic, was caused by a virus of the H3N2 subtype (Luke & 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Subbarao, 2000).  This virus retained its N2 protein, but obtained a novel HA protein, causing the less severe pandemic of 1968 (Luke & Subbarao, 2000). The most common subtypes of influenza A that currently infect humans are H1N1 and H3N2 (Derlet, 2007).  The ‘Spanish flu’, which caused the 1918 pandemic, was of the H1N1 subtype (Derlet, 2007).  It was the H3N2 subtype, strain A/Fujian/411/2002, which was responsible for the majority of infections in the significant 2003‐2004 flu season. This subtype replaced the H2N2 subtype, which was common in humans from 1957 to 1968 (Luke & Subbarao, 2000). As early as December 1988, subtype H1N2 was isolated from humans in China, indicating a reassortment event between a H1N1 and a H3N2 virus (Guo, Xu & Cox, 1992).  The subtype H5N1 was described in human infections in Hong Kong in 1997.  As of May 28th, 2008, this strain, transmitted in almost all cases from birds to humans, has resulted in 378 human infections and 241 deaths in 15 countries (“Confirmed human cases…”, 2008).  In 1999, the avian subtype H9N2 was described in two human infections (Derlet, 2007).  A H7N7 subtype of influenza A was described in the Netherlands during the 2002‐03 influenza season (Thompson et al. 2003).   New subtypes of HA and NA enter human populations through infections passed from species which already carry these types of proteins.  The 1918 pandemic is thought to have been caused by a virus passed first from a bird to a pig, and then to a human. The more recent avian flu pandemics have resulted from infection of humans who have come in close contact with infected birds.  Avian species act as an external reservoir where the influenza virus can mutate (Cox & Subbarao, 2000).  This creates novel strains of the virus that can then enter human 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populations who have no immunity to the new strain.  To cause a pandemic, the virus must mutate to enable it to pass efficiently from human to human, and not just from bird (or other species) to human.  The prevailing fear is that a virus with a new HA and/or NA subtype will emerge in humans, with this capability to spread rapidly between humans causing the next great pandemic.  While prediction models vary, it has been estimated that the coming pandemic could cause 89,000 – 207,000 deaths, 314,000 – 734,000 hospitalizations, 18,042 million outpatient visits, and 20‐47 million additional illnesses in the United States alone if effective intervention is not achieved (Meltzer, Cox & Fukuda, 1999).   To protect populations from influenza infections, each year researchers monitor and predict the influenza stains likely to be prevalent during the coming flu season.   The vaccine administered to the public contains one influenza A strain of the H1N1 subtype, one influenza A strain of the H3N2 subtype, and one influenza B strain (Derlet, 2007).  Current injected vaccines are made from inactivated virus, while inhaled nasal vaccines are live attenuated vaccines.  The latter type of vaccine is more efficient and has a greater capability for protecting against strains related to, but different from, the actual vaccine strain.  It takes about two weeks after vaccination for the body to develop antibodies that will help protect against infection by viruses similar to those vaccinated against. While experts recommend annual vaccination to protect against influenza infections, it is also possible to prevent and treat the virus using antiviral drug therapy (Bright et al., 2006).  Once initial symptoms develop, antiviral agents can and should be administered to help fight the infection.  These medications should be 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administered within two days of exposure (Davis, 2007).  Amantadine (Symmertrel), approved in 1966, was the first antiviral agent against influenza to be licensed for use in the United States.  Later, in 1993, rimantadine (Flumadine) was introduced into the US market. Amantadine and rimantadine are both derivatives of adamantane.  In particular, these drugs have been used to control outbreaks in care facilities such as nursing homes (Bright et al., 2006).    As mentioned above, these drugs prevent viral replication by binding to the M2 ion channel of the influenza A virus (Wang et al., 1993).  However, these drugs do not have an effect on influenza B viral infections as they lack the M2 protein (Hayden, 1996).  Studies were able to show that influenza resistance to amantadine and rimantadine had been on a drastic rise over the past several years (Bright et al., 2005); as of 2006, the CDC has recommended that these drugs not be used due to acquired influenza resistance against them (Davis, 2007). Other antiviral drugs inhibit neuraminidase by binding to the active site of this protein (Bright et al., 2006).   These drugs, which include zanamivir (Relenza) and oseltamivir (Tamiflu), are able to prevent viral release from infected cells.  Due this property, they are even able to help prevent influenza infection (Davis, 2007).  Oseltamivir is taken orally and zanamivir is inhaled.  Introduced into the United States in 1999, they are effective against both influenza A and influenza B infection. While influenza resistance to zanamivir and oseltamivir does exist, it is thought to be developing at a much lower rate than that to amantadine and rimantadine (Davis, 2007).  However, recent reports have shown a growing resistance to these drugs as well (Bright et al., 2006). 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The targets of antiviral agents such as amantadine and rimantadine, which interrupt the function of the M2 protein, are well understood, and the substitutions which confer resistance to them are known. For example, the amino acid change S31N in the M2 protein confers amantadine‐resistance (Bright et al., 2006; Belshe et al., 1988; Hay wt al., 1986).  Another resistance conferring mutations in the M2 protein is V27A.   Molecular markers of the drugs zanamivir (Relenza) and oseltamivir (Tamiflu) are not as well defined as their older counterparts.  Each antigenic NA subtype responds differently to these drugs, resulting in disparate mutations selected in the presence of these NA inhibitors (Ferraris & Lina, 2008).  However, some resistance conferring mutations have been identified, for example, H274Y and N294S in the N1 subtype of neuraminidase, and R292K in the N2 subtype of neuraminidase. An understanding of the virus is essential to protecting public health.  Currently, it takes five to six months for a vaccine to become widely available after a potentially pandemic strain of influenza has been identified. Even after this time period, supplies would be limited to less than a billion monovalent doses (“Flu pandemic timeline”, 2005). However, experts have calculated that there will only be a one to six month window between “the identification of a novel influenza virus and the time that widespread outbreaks [would] begin to occur in the US” (“Flu pandemic timeline”, 2005). 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B. The Influenza Sequencing Project   In order to help protect public health and facilitate the international need for a comprehensive understanding of the influenza virus, in November 2004, the Influenza Sequencing project was begun.  Funding for this undertaking was provided by the National Institute of Allergy and Infectious Diseases (NIAID), one of the National Institutes of Health (NIH).  The goal of the project was to make influenza genomic sequence data widely available in order to aid researchers in the understanding of how influenza spreads and evolves, permit comparison of different viral strains, identify the genomic factors that determine its virulence, and develop new vaccines, therapies, and diagnostics (National Institutes of Health, 2007).  Sequencing is performed at the Microbial Sequencing Center, formerly run by the Institute for Genomic Research (TIGR), which has now merged into the J. Craig Venter Institute.  Annotation is performed at the National Center for Biotechnology Information (NCBI).  Prior to this project, very little influenza sequence data was available.  The few sequences which were available were typically incomplete and usually only of the HA or NA proteins.  In February of 2007, the NIH announced that the complete genomes of over 2,000 human and avian influenza viruses, taken from samples worldwide, had been sequenced and deposited in GenBank, a publicly available database.  At that time, sequencing capacity had improved to allow more than 200 viral genomes to be sequenced each month.  NIAID has also funded the development of the BioHealthBase Bioinformatics Resource Center. The center, developed by researchers at the University of Texas 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Southwestern Medical Center at Dallas and developers at Northrop Grumman Information Technology’s Life Sciences Division in Rockville, Maryland, provides access to genomic and related data as well as software tools to aid in the analysis of this data. The Los Alamos National Laboratory Influenza Sequence Database (ISD) was established with similar goals.  The ISD is currently a private database for collaborators of the Los Alamos National Laboratory; however, much of the capabilities developed therein are now available through BioHealthBase.   The NCBI hosts the Influenza Virus Resource.  This site also hosts data from the NIAID Influenza Genome Sequencing Project and GenBank, and provides web based tools and resources for influenza genomic studies (Bao et al., 2008).  Sequence analysis tools include those for multiple‐sequence alignment and cluster analysis of protein sequences based on different metrics (Bao et al., 2008).        The U.S. World Health Organization (WHO) and National Respiratory and Enteric Virus Surveillance System (NREVSS) collaborate in the collection and testing of respiratory specimens for influenza virus.  They analyze and report annual influenza activity. Other large‐scale flu genome sequencing projects are being carried out by the St. Jude Influenza Genome Project, the Center for Disease Control and Prevention (CDC), the Air Force Institute for Operational Health, and the University of Hong Kong.  To date, there are more than 60,000 sequences corresponding to influenza isolates available through public databases (Bao et al., 2008). 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C.  Influenza Activity on a Global Scale One important aspect of the influenza virus that has been addressed through collaborators of the Influenza Sequencing Project and others is the relationship of influenza on a global scale.  Influenza activity has long been associated with “cold-
weather” seasons in the temperate regions of the Northern and Southern Hemispheres.  
The influenza season begins in the temperate regions of the Northern Hemisphere; 
starting in November and ending in April, it peaks between December and February.  In 
the Southern Hemisphere, the peak months of influenza activity are June, July, and 
August.  The entire duration of the season is considered to last from May to October.  
During these ‘flu seasons’ influenza activity is greatest, although low levels continue 
throughout the year (Lofgren et al., 2007).  However, in the tropical regions around the 
equator, recent studies have shown significant levels of influenza activity year-round 
(Viboud, Alonso, & Simonsen, 2006).     The seasonality of influenza remains one of the most puzzling aspects of this virus.  While cold, dry conditions have been shown to be favorable for influenza survival (Hemmes,Winkler & Kool, 1960), this alone has not been sufficient to explain influenza seasonality.  A common suggestion has been that seasonal influenza outbreaks are the result of a natural seasonal decline of the host immune system rather than increased waves of virus influx (Cox & Subbarao, 2000).  Biological responses of the host to differences in photoperiod or seasonal diet may be determinants of this decreased immunity (Cox & Subbarao, 2000).  Crowding of susceptible populations greatly increases the spread of the virus as it is dispersed in aerosol particles expelled from the respiratory tract of infected individuals.  This 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fact may also tie into seasonal social/ behavioral patterns of the host population. Other elements that have been suggested to cause or add to influenza seasonality include decrease in ambient temperature (though biological justification is lacking), increase in indoor heating (creating an ideal environment for the persistence of viral particles in the environment), atmospheric and climatic variations caused by El Niño, as well as seasonal patterns of global convection currents that could carry virus aerosol particles.  Increased air travel by humans carrying epidemic strains throughout the globe could also cause the simultaneous appearance of widespread seasonal outbreaks (Cox & Subbarao, 2000).  In all likelihood, the seasonality of influenza is a complex result of a myriad of underlying factors.   Unlike seasonality, it is well understood that the spread of viral strains is increasing as worldwide travel becomes faster and more prevalent.  Historically, when travel was restricted to the oceans, a pandemic strain would take six to eight months to spread globally.  By the pandemic of 1957, it only took 4‐5 months for infection to reach the US from China, and a mere 2‐3 months for the spread of the 1968 pandemic from the Hong Kong to the US (“Flu pandemic timeline”, 2005).  In an increasingly globalized world, comparative studies of influenza virus are essential to our understanding of its worldwide dynamic. Studies in the movement and evolution of influenza A will be helpful in predicting and monitoring of potential pandemic outbreaks and the development of appropriate vaccines to protect against the virus. It has been proposed that the “tropical belt” maintains influenza populations year‐round, seasonally reintroducing them into temperate zones (Pond & Frost, 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2005; Alonso et al., 2007).  Many believe that influenza outbreaks originate in China (Cox & Subbarao, 2000).  However, several recent studies of the circulation of influenza between geographic locations have shown no regular path or leading hemisphere (Viboud et al., 2004; Nelson et al., 2007).  In fact, Nelson and coworkers found evidence of seasonal migration from north‐to‐south was more common that south‐to‐north, though the authors concede that this should be confirmed with a larger sample (2007).    
D. Selective Pressure on the Influenza Virus   Although the global circulation of influenza isolates over time is inevitable, some evidence of isolated circulation within one geographic region is still to be expected (Nelson et al., 2007).  Additionally, influenza can, and has been shown to, mutate during a temperate influenza season within one location (Holmes et al., 2005; Nelson et al., 2007).  The environmental influences of a location will inevitably shape the genetic makeup of viruses circulating in that area.  Mutations accumulated in a home region may then be spread to other viruses and different areas.     One of the most fundamental ambitions in molecular biology is to elucidate the selective pressures that drive molecular evolution.  Research has shown that selective pressures on influenza preferentially act on amino acid positions involved in resistance to anitvirals or in interactions with antibodies (Suzuski, 2006; Bush et al., 1999).  However, to date no studies have used the association of selective pressures within coding sequences to identify positions involved in the response of 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the virus to different climates.  By comparing site‐by‐site variation in selective pressures within influenza coding region datasets from different geographic locations, we hope to gain insight into the molecular mechanism of viral adaptation to different environments.  Kosakovsky Pond, Poon and Frost concur that environmental differences between populations could easily be the cause of drastically different selective pressures acting on the same codon of a gene (2007).  By examining the differences and similarities between selective pressures in various locations, a picture will begin to form of how important location is for the adaptive evolution of the virus, which areas experience the most/least adaptive evolution, and the implications this has on the seasonality and mobility of the influenza virus. 
  To identify selective pressures on a molecular level, it is important to consider variation in synonymous and non‐synonymous substitution rates (Kosakovsky Pond et a., 2007).  Accumulation of non‐synonymous substitutions can lead to alteration of protein structure/function, directly affecting the fitness of an organism.  In this case, when a significant excess of non‐synonymous nucleotide substitutions results in the eventual substitution of an amino acid, it is referred to as positive or diversifying selection (Bush et al., 1999).  Conversely, negative selection occurs when synonymous mutations accumulate more rapidly than non‐synonymous mutations.  This type of selection is also referred to as ‘purifying selection’ (Kosakovsky Pond et al., 2007).  The typical standard for describing evidence of these types of Darwinian evolution is the ratio of non‐synonymous (dN or β) to synonymous (dS or α) substations. A dN/dS ratio (also referred to as ω or Ka/Ks) significantly less than one indicates negative selection, dN/dS ≅ 1 represents 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neutral evolution, and a dN/dS ratio significantly greater than one provides convincing evidence of positive selection (Yang, 1998).     Typically we are most interested in evidence of positive selection.  However, this is often limited to only a small number of sites (Kosakovsky Pond et al., 2007).  Positive selection at an amino acid site may be an indication that the site is an epitope and is involved in the immune response against the virus (Suzuki & Gojobori, 2001).  These sites might not be ideal drug targets since multiple substitutions in these areas are expected to be tolerable.    Negatively selected sites, on the other hand, may not tolerate many substitutions.  Due to this feature, these sites have the potential to be targets for vaccines and drug therapies (Suzuki, 2006).         More specific questions one might ask when examining selective pressures are when (in evolutionary history) or where (within a genetic sequence) selection has occurred.  We might also be interested in comparing selective pressures between two samples of the same gene to see if they evolved under different selective pressures (Kosakovsky Pond et al., 2007).  This is the question we ask of influenza evolving in different geographic locations and climates.   Although a wealth of software tools capable of estimating dS/dN ratios and predicting selective pressures is available, one particularly flexible and functional package is the [Hy]Pothesis Testing Using [Phy]logenies or HyPhy package (Kosakovsky Pond, Frost & Muse, 2005).  This software package can be used to perform codon‐based Maximum Likelihood analyses. Compared to other programs, such as PHYLIP (Felsentsein, 2005), PAML (Yang, 1997), and PAUP* (Swofford, 2003), HyPhy has more flexibility and opportunity for customization.  Additionally, 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it offers an extensive number of methods, is regularly updated, and provides extensive documentation and online support, unlike some other programs such as ADAPTSITE (Suzuki, Gojobori & Nei, 2001).   Versions of HyPhy exist for multiple platforms, including MAC OS, Windows, and Linux. This is an advantage over another multi‐method program, MEGA, which is only available for Windows environments (Kumar, Tamura, & Nei, 2004).  Developed by the viral evolution group at the Antivirial Research Center of the University of California, San Diego, HyPhy also has the advantage of being freely available for download at http://www.hyphy.org/current/index.php.     A Web server of the HyPhy package, Datamonkey, provides a Web‐based implementation of several methods available through HyPhy but with limited sequence capabilities (see Materials and Methods below) (Kosakovsky Pond & Frost, 2005a).  Datamonkey reduces the run time of these methods by implementing them on a computer cluster.  To further increase speed, it also removes all but one copy of identical sequences from a submitted alignment before further processing is performed.  The only effect these identical sequences have on the likelihood inference procedure is on the base frequencies (Kosakovsky Pond & Frost, February 2005).  Thus, removing them is a trade off between decreasing the computational complexity and potentially affecting base frequencies (hopefully having an insignificant impact on the final results). 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E.  Methods of Estimating Synonymous and Non­synonymous 
Substitution Rates   One method of estimating relative non‐synonymous to synonymous substitution rates involves estimating the expected ratio under the neutral model and comparing this ratio to the one inferred from the data.  This is type of approach is known as distance‐based.  A well‐known implementation of a distance‐based method is the one proposed by Nei and Gojobori (Nei & Gojobori, 1986).  While these methods can be run quickly, the statistical significance of their results may be difficult to access.  This makes them a poor tool for hypothesis testing (Kosakovsky Pond, Poon & Frost, 2007).   Maximum likelihood based approaches are a better option for hypothesis testing involving estimations of dN/dS.  The most basic analysis of this type that can be performed is the estimation of dN/dS  (or ω) over the length of the entire coding region alignment.  This is also referred to as a ‘global’ estimation of ω.  While the global estimation of ω can be somewhat useful for exploratory analyses, this figure does not provide a large amount of biologically relevant information.     Instead, it is more informative to detect variation in non‐synonymous/synonymous ratio rates on a site‐by‐site basis.  This is because selective pressure is often confined to a single gene or a small number of sites within a gene.  For example, Bragstad and coworkers was unable to detect any indication of selective pressure by comparing global dN/dS ratios over entire influenza genes; however, site‐by‐site analyses identified a number of positions within these genes that are undergoing positive selection (2008). 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 The first major class of models for estimating site‐specific rates, known as random effects likelihood or REL, was first proposed by Nielsen and Yang in 1997 (Nielsen & Yang, 1998).  The fundamental assumption of this type of approach is that the true distribution g of αS and βS can be represented by a predefined distribution f, the parameters of which are inferred from the data, and unobserved model parameters are integrated out of the likelihood function.  Each site is then assigned to a rate class from the distribution, allowing an inference to be made about what occurs at each individual site (Kosakovsky Pond et al., 2007). On its own, REL is capable of detecting positive selection on a portion of sites in an alignment.  In conjunction with an empirical Bayes approach, REL methods can detect selective pressure at individual codon sites.    The REL class of models is widely used in the field of molecular evolution.  It has the unique advantage of being able to pool information across multiple sites.  This means when other methods that employ direct site‐by‐site estimation fail, REL is able to succeed in correctly identifying positions under selective pressure (Kosakovsky Pond et al., 2007).  However, despite its popularity, for example through its original implementation in the PAML package (Yang, 1997), REL does have some drawbacks.   For example, the distributions rates chosen a priori may be insufficient to accurately model α and β resulting in false positive results.  In addition, rate estimates are assumed to be exact by posterior empirical Bayes inference, when they are, in fact, estimations.  This may cause ambiguities in some results. 
  The second major class of methods was proposed by Suzuki and Gojobori in 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1999 (Suzuki & Gojobori, 1999).  There are two subtypes of this type of approach; the first involves maximum likelihood and the second involves counting heuristics.  In the first common implementation of these methods, known as fixed effects likelihood or FEL, the site‐specific rates are estimated directly from each site independently using maximum likelihood methods.   This process begins by using the dataset to infer global alignment parameters, which include nucleotide substitution biases, codon frequencies, and branch lengths, and fixing these values for all individual site fits (Kosakovsky Pond et al., 2007).   Each individual codon site is then considered “as a number of independent realizations for the substitution process operating on the tree” (pg. 29, Kosakovsky Pond et al., 2007).  As a result, FEL analyses require a significant number of sequences to gain power. 
  FEL has an advantage over REL by making no assumptions about the underlying distribution rates.  This may lead to a more accurate estimation.  FEL is also better suited for hypothesis testing because is takes into account errors in estimating αc and βc, generating a p‐value for every site.  Unlike REL, FEL also has the potential to be run in parallel since each site can be processed independently (Kosakovsky Pond, Poon & Frost, 2007).    On the other hand, FEL does not have the ability to pool information like REL does, contributing to the need for FEL to have a substantial number of sequences in order to produce accurate results.  Additionally, FEL makes a false assumption by treating nuisance parameters, like nucleotide substitution biases, etc., as known instead of subject to error.  However, this does not seem to cause a high rate of false positive results (Kosakovsky Pond et al., 2007; Kosakovsky Pond & Frost, 2005b). 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While less biased in its results, FEL in inconsistent when compared to REL (Kosakovsky Pond & Frost, 2005b).   Within the HyPhy package, options exist to perform a ‘one rate FEL’ analysis or a ‘two rate FEL’ analysis.  The distinction between these two analyses is that the two rate FEL method takes synonymous rate variation into account when computing results, adjusting dS across sites.  One rate FEL, on the other hand, holds dS constant across sites. This is similar to the original REL methods that also did not allow for synonymous rate variation (Nielsen & Yang, 1998).   Synonymous rate variation is an important consideration because, if unaccounted for, variation in this rate can lead to over or under estimation of dN/dS.  This ultimately results in inaccuracies when declaring sites positively or negatively selected.     For example, variation in synonymous substitution rates plays a role in regions of genes that overlap in different reading frames.  This is the case for the M1 and M2 proteins.  In these overlapping regions, it is generally expected that substitutions will be suppressed because of functional constraints imposed by both genes.  Indeed, Suzuki was able to show that the relative number of synonymous substitutions in the region of the M1 protein that overlap with the M2 protein was much lower than in the non‐overlapping region, and vise versa (2006). To ensure accuracy of results, it is essential to take both synonymous and non‐synonymous rate variations into account (Kosakovsky Pond, Poon & Frost, 2007).  With an appropriate rate distribution, REL, FEL, and SLAC (see below) approaches are all able to include these factors in their analyses.  For the remainder of this paper when a FEL analysis is referred to, unless otherwise specified, it can be assumed that a 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two rate FEL analysis was employed. 
  Another important consideration when estimating dN/dS rates is the occurrence of recombination events.  As mentioned above, recombination occurs when large portions of the influenza genome or entire genes are exchanged between two disparate viruses.  While these events have a rather limited impact on estimation of global dN/dS rates, site‐to‐site and branch‐to‐branch variation can be greatly altered (Kosakovsky Pond et al., 2007).  This issue arises because viruses that have actually evolved from different ancestors along different evolutionary histories are combined within one phylogenetic tree.  To instead account for the movement of sites between different genetic backgrounds, multiple phylogenetic trees can be included in the analysis (Kosakovsky Pond, Poon & Frost, 2007).     The HyPhy package offers a method, SingleBreakpointRecomb.bf, which screens an alignment for evidence of recombination (Kosakovsky Pond et al., 2005).  However, this method is extremely computationally intensive and not well suited for a large dataset.  Instead, through Datamonkey (Kosakovsky Pond & Frost, 2005a), a resource for recombination analysis of multiple sequences alignments using genetic algorithms (GARD) is offered (Kosakovsky Pond et al., 2006).  This tool can be used to detect if there is any evidence of recombination in sequences in an alignment, how many non‐recombinant fragments there are, where the breakpoints occurred, and what phylogenetic trees describe the evolution of the non‐recombinant fragments.  However, this analysis is limited to no more than 50 sequences and a maximum of 50,000 nucleotides (Kosakovsky Pond & Frost, 2005a). 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An alternative method to FEL, that uses a single maximum likelihood reconstruction, is the Single Likelihood Ancestor Counting or SLAC method. The second subtype of the original method proposed by Suzuki and Gojobori, SLAC is an example of a counting method in that it uses a counting heuristic to estimate site‐specific rates directly from each site (Suzuki  & Gojobori, 1999).  SLAC uses maximum likelihood to obtain branch lengths and substitution rates.  Unlike this original method that used nucleotide‐based parsimony to reconstruct unobserved ancestral codons, the SLAC method in HyPhy uses a global MG94 model fitted along the entire alignment to reconstruct these codons using maximum likelihood.  This prevents the inference of stop codons at internal branches and the production of an excessive number of equally good reconstructions (Kosakovsky Pond et al., 2007). With a large enough dataset of about 50 or more sequences, SLAC performs almost exactly the same as FEL or REL, but in a much shorter period of time (Kosakovsky Pond & Frost, 2005b).  As compared to these other methods, SLAC tends to be more conservative.  Because it often underestimates substitution rates, fewer positions are assigned as positively or negatively selected (Kosakovsky Pond & Frost, 2005b). One issue with the SLAC method is that the ancestral state is treated as known, when in reality it is inferred. A way to address this concern is by averaging over all possible ancestral states (Kosakovsky Pond & Frost, 2005b).   A second issue is that the method disallows for multiple substitutions along branches.  In the case of influenza, a phylogeny that does not have many long branches, this is not a major concern.  Lastly, because the binomial distribution is merely an approximation to neutral evolution codon usage, variation throughout the tree may cause a strong 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bias resulting in false results (Kosakovsky Pond et al., 2007).  Again, this is not considered a serious offense for influenza data since it is reasonable to assume identical or nearly identical codon usage throughout a dataset.    There are some important input parameters that can affect the final output of a SLAC analysis.  One consideration, which can be customized within HyPhy, is the treatment of ambiguities in the reconstruction of ancestral codons.  When ambiguities arise, they can either be averaged over all possible codon states or resolved into the most frequent codon (Kosakovsky Pond et al., 2007).  In the case of this study, an averaged response would be more appropriate as ambiguities are more likely to have arisen due to sequencing errors rather than representing actual sequence polymorphisms. Indeed, Kosakovsky Pond and coworkers recommend this option for “bulk viral sequences” (pg. 63, 2007), and it was utilized by Kosakovsky Pond and Frost for their comprehensive look at different methods of detecting amino acid sites under positive selection (2005b). Upon extensive testing, it has been shown that all three methods:  SLAC, FEL, and REL, all produce generally similar estimates of substitution rates given sufficient data (Kosakovsky Pond & Frost, 2005).  The general consensus of Kosakovsky Pond and Frost is that SLAC should be used for large datasets of about 40 sequences or more; producing excellent results for datasets of 64 or more sequences (2005).  As mentioned above, SLAC is more conservative and one can expect fewer sites designated as experiencing selective pressure from this method, but it will return results very quickly as compared to REL and FEL (Kosakovsky Pond et al., 2007).  These authors have also been able to show REL is better suited 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than the other two methods for datasets ranging in size from 16 to 64 sequences.  However, for smaller datasets with low divergence, REL analyses perform poorly.  In these cases, it is preferable to use SLAC or FEL, as REL may experience a high rate of false‐positives (Kosakovsky Pond & Frost, 2005b).  Overall, FEL seems to be able to capture ‘true’ substitution rates, once supplied with an adequate sample size of 20‐40 sequences.  Nevertheless, one must keep in mind that FEL tends to be fairly inconsistent in its results, and if the data is unrelated, FEL performs poorly (Kosakovsky Pond & Frost, 2005b).  In the end, one must be careful to remember that, despite the best efforts of these statistical methods to model biological data some assumptions will be inherent.  This means that one must always be careful to interpret these results with a slight prejudice. Indeed, Nelson and coworkers warn that the outcome of statistical tests for positive selection tend to vary by method, dataset, and significance level applied (2006). Perhaps a more informative analysis is the direct comparison of site‐by‐site variation in dN/dS ratios between samples of the same gene from two different populations.  This is the hypothesis tested by CompareSelectivePressure.bf in the HyPhy package; that given a site, β/α differs between the two samples along the entire tree (Kosakovsky Pond et al, 2007).   This method uses a FEL based analysis to test for evidence of site‐by‐site differential selection between two samples of the same gene (Kosakovsky Pond et al., 2007) 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II. Materials & Methods 
A. NCBI Influenza Virus Resource – Datasets & Alignments   Protein coding region sequences were obtained using the ‘Alignment’ feature of the NCBI Influenza Virus Resource (Bao et al., 2008).  Alignments were generated with the automated tool available therein, which is based on MUSCLE (Edgar, 2004). Queries were limited to the H3N2 subtype of influenza, isolated from humans between the years 1999‐2008.  Based on these criteria, 42 HA (some not full length), 28 NA (full length only), and 28 M1 and M2 (both all full length) protein coding sequences were selected from Vietnam.  Isolates from Australia were selected from within the South Australia and New South Wales provinces only.  The final datasets included samples from these areas as well as Sydney, Victoria, and Newcastle.  A total of 159 HA (some not full length), 57 NA (full length only) and 58 M1 and M2 (both all full length) were utilized.  From Denmark, 212 HA (full length only), 173 NA (full length only) and 17 M1 and M2 (both all full length) sequences were selected.  A dataset was generated by combining isolates from Kentucky and Virginia, for a total of 40 HA (some not full length), 12 NA (full length only) and 11 M1 and M2 (both all full length) sequences.  Sequences queried from New York were restricted to full length only, and with identical sequences removed for the HA and NA datasets.  This resulted in 346 HA, 293 NA, 455 M1 (some identical) and 453 M2 (some identical) sequences.   For a full list of accession numbers from all sequences used in these analyses, see ‘Supplemental Materials’. 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B. HyPhy and Datamonkey – Partitions & Phylogenetic Trees   Each geographic dataset was examined for evidence of selective pressures at individual codon positions.  For the process of estimating synonymous and non‐synonymous substitution rates and inferring evidence of selective pressures, the [Hy]Pothesis Testing Using [Phy]logenies or HyPhy package was utilized (Pond, Frost & Muse, 2005).  Both the Mac OS X and Windows packages of the newest beta version 1.00, last undated May 8th, 2008, were downloaded from http://www.hyphy.org/current/index.php.   Datamonkey, a webserver of the HyPhy package available at http://www.datamonkey.org/, was also utilized for these purposes (Kosakovsky Pond & Frost, February 2005). The alignments downloaded from the NCBI Influenza Viral Resource were well suited as input into the HyPhy package.  These alignments fulfilled the HyPhy requirements of nucleotide coding region alignments representing a single gene or protein product, while excluding all introns, promoter regions, and stop codons, and maintaining an accurate reading frame.  However, in order to use the NCBI alignments for further analyses within HyPhy, several steps had to be taken.  First an NCBI alignment was loaded into the HyPhy window by selecting the menu options ‘File’: ‘Open’: ‘Open Data File’ and then choosing the appropriate FASTA alignment downloaded from NCBI.  Next, the sequence names needed to be cleaned up.  This was accomplished by selecting the HyPhy menu item ‘Data’: ‘Name Display’:  ‘Clean up sequence names’.   Next, ‘Edit’: ‘Search and Replace’ was chosen, and “.+Influenza_A_virus_” entered into the ‘Search for reg. exp’ field with the 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‘Replace with string’ field left blank.  To work with a data file in HyPhy, it must be designated as a partition.  To create a partition from the alignment data, ‘Edit’: ‘Select All’ was selected followed by ‘Data’: ‘Selection ‐> Partition’.  The ‘Partition Type’ was then specified as ‘Codon’.  To save the partition for future use, the floppy disk icon was clicked and the partition saved under an appropriate label. Neighbor‐Joining trees were generated using HyPhy for subsequent use in selective pressure analyses.  To do so, from the ‘Analyses’ menu item ‘Standard Analyses’ was selected, followed by the ‘Neighbor‐Joining.bf’ bath file.  This bath file “performs a phylogeny reconstruction for nucleotide, protein, or codon data with user‐selectable models using the method neighbor joining” (Kosakovsky Pond, Frost & Muse, 2005).  For the ‘Distance Computation’, the use of a ‘Distance formulae’ was employed, i.e. the use of predefined distance measures based on data comparisons. The type of data was identified as ‘Codon’, and the ‘Universal’ genetic code selected.  In the case of ‘Negative Branch Lengths’, the program was instructed to ‘Force Zero’.  The ‘Codon based distance formula’ ‘Nei_Gojobori’ was selected, and the ‘Distance computation’ set at ‘Joint p‐distance’.   This is the default formula, calculated as Observed N/E[N] + Observed S/E[S].  
C. Recombination & Selection Analyses The Neighbor‐Joining trees and data partitions containing appropriately labeled coding region alignments were the basis of input into all additional HyPhy and Datamonkey analyses.  These analyses within HyPhy included SingleBreakpointRecomb.bf; SLAC, one and two rate FEL within 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QuickSelectionDetection.bf; and CompareSelectivePressure.bf.  The analyses performed through Datamonkey included SLAC, REL, FEL, and GARD analyses.   GARD analyses through Datamonkey were performed on all HA, NA, M1 and M2 datasets small enough to fit the requirements of the tool (i.e. no more than 50 sequences and 50,000 nucleotides).  For some datasets (Denmark NA and Australia M1 and M2), identical sequences were removed before being entered into GARD to ensure they were able to meet these requirements.  Before GARD or any other analyses were performed using Datamonkey, the automatic nucleotide model selection tool was applied to the datasets and the appropriate model used as specified.  For the parameters required to run GARD, the rate variation (rate distribution) was set at Beta‐Gamma fitted with three rate classes.  Three rate classes should be sufficient for most alignments according to Kosakovsky Pond & Frost (2005a).      Within HyPhy, an attempt was made to use the SingleBreakpointRecomb.bf batch file to detect recombination events in datasets too large for GARD analysis through Datamonkey.  However, due to the computational intensity of this analysis, and limited hardware capabilities, it was not successfully applied.  Because of these issues, any results obtained from this method were disregarded during further analyses.     The SLAC method within HyPhy was employed on large datasets of 151 sequences or more.  First, the ‘QuickSelectionDetection.bf’ batch file under the ‘Positive Selection’ tab of the ‘Standard Analyses’ menu item was selected.  In response to the ‘Choose Genetic Code’ prompt, the ‘Universal code’, i.e. Genebank 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transl_table – 1, was chosen.  As input for the ‘Codon data file’, the HyPhy partition of interest was selected from a file as prepared previously.  The default nucleotide substitution models HKY85 and MG94xHKY85 were employed.  When instructed to select a tree file, the Neighbor‐Joining tree corresponding to the selected HyPhy partition was entered.  For the dN/dS bias parameter options, this figure was estimated from the data and a 95% confidence interval included.  Next, when prompted with the available ‘Ancestor Counting Options’, the ‘Single Ancestor Counting’ method was chosen.  This uses the most likely ancestor state (Kosakovsky Pond et al., 2005).   The entire tree was analyzed, and treatment of ambiguities resolved.   ‘Simulated Null’ was chosen for the ‘Test Statistic’; this dynamically generates the null distribution from the data.       The SLAC method within Datamonkey was applied to datasets consisting of up to 150 sequences.  After choosing a sequence alignment (HyPhy partition prepared previously), the ‘Data Type’ was set to Codon with the ‘Universal code’ as the ‘Genetic code’.  For ‘Tree Topology’, ‘Neighbor‐Joining Tree’ was selected.  The appropriate nucleotide substitution bias model, as identified by the ‘automatic model selection tool’, was applied.  The ‘Global dN/dS was estimated with a confidence interval, ambiguities were resolved, and the significance level set to p‐value <= 0.05.   One and two rate FEL analyses were also performed using HyPhy.  The same steps were followed as above for the HyPhy SLAC methods from the selection of the batch file ‘QuickSelectionDetection.bf’ through ‘Universal Code’, then default ‘HKY85 and MG94xHKY85’ models, to the estimation of dN/dS with a 95% confidence 
  39 
interval.  Once prompted to select the type of ‘Ancestor Counting Options’, either ‘One rate FEL’ or ‘Two rate FEL’ was selected.   The ‘One rate FEL’ analysis, which does not adjust dS across sites, was employed on the HA dataset from Denmark.  In all other cases, the ‘Two rate FEL’ option was selected, including a second analyses of the Denmark HA dataset.  In all cases, the significance level for likelihood ratio tests was set at 0.05, and all branches were tested for non‐neutral evolution. Datamonkey was also used to perform two rate FEL analyses on smaller datasets up to 100 sequences.  As in the SLAC analyses, the appropriate nucleotide substitution bias model, as identified by the ‘automatic model selection tool’, was applied.  The significance level was set at 0.05. REL analyses were only performed through Datamonkey.  Here datasets up to 40 sequences in size were analyzed.  After uploading the HyPhy partition of interest, the appropriate nucleotide substitution bias model was selected as in previous methods.  The significance level for the Bayes Factor was maintained at the default value of 50. In addition to looking at site‐by‐site selective pressure in each dataset individually, all pairwise combinations of the different geographic datasets were compared for the HA, NA, and M1 proteins.  The HA and NA proteins are surface glycoproteins involved in the virulence of influenza.  The M1 protein is an internal protein providing support to the structure of the virion.  The M2 protein was not included in this analysis because it is an intermembrane protein, which does not fall neatly into one of these categories (external or internal protein).  This was accomplished by using the ‘CompareSelectivePressure.bf’ bath file under the 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‘Positive Selection’ tab of the ‘Standard Analyses’ option of the ‘Analyses’ menu item.  The ‘Choose Genetic Code’ prompt was responded by the selection of ‘Universal code’.  A first HyPhy partition, or ‘First codon file’, of interest was selected as previously prepared, followed by its corresponding N‐J phylogenetic tree (‘First tree file’).  In the same manner, a second HyPhy partition and tree were selected for comparison against the first.  The default model option was chosen, using HKY85 and MG94xHKY85.       For the following 'Results' and 'Discussion' sections, the numbering schema used for the HA protein begins with the start codon of the entire protein coding sequence and continues uninterrupted over the entire sequence.  This means that the 16 residue 'signal peptide' not included in some numbering systems (as mentioned above) has been included in this case.  For the sake of comparison, in some cases the number of a position according to the 'conventional' numbering schema (which excludes the first 16 codon positions and the single arginine residue at position 345 of the entire sequence) is included in parenthesis.  The HA1 domain according to this conventional numbering is denoted as residues (1) – (329) and the HA2 domain as (1)‐(221) (Wiley et al., 1981). 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III. Results 
A.  Analyses of Selective Pressures on Individual Datasets     GARD analysis through Datamonkey was performed on HA datasets from Vietnam and Kentucky/Virginia, NA datasets from Vietnam, Kentucky/Virginia, and Australia, and all M1 and M2 datasets with the exception of New York.  No recombination was detected for any of the NA, M1, or M2 datasets.  GARD did detect recombination in the HA datasets, identifying evidence of one breakpoint (i.e. recombination event) in the Vietnam HA dataset and two in the Kentucky/Virginia dataset.  The effect of GARD analysis (i.e. taking recombination into account) on the number of sites identified as positively or negatively selected for the Vietnam HA dataset are shown in Table 1 below. Overall, we see that more sites are able to be identified as experiencing selective pressures once recombination is taken into account. 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Table 1. Vietnam Hemagglutinin – GARD vs. No GARD  
 REL, FEL, and SLAC Datamonkey analyses were performed before and after GARD detected one breakpoint (i.e. recombination event).  The significance level applied for REL is 50, for FEL and SLAC it is 0.05.  If p‐values for FEL and SLAC results are below 0.10, they are included; otherwise they are labeled ‘NA’.  Sites selected by any of the analyses before and after GARD was applied are highlighted in yellow; additional sites selected after GARD was applied are highlighted in blue.  One site was only selected before GARD, and not after.  This site is highlighted in red.   In the table A.A. stands for amino acid position, ‘Y/N’ refers to whether the site was or was not identified as being selected, p‐val is short for p‐value, and ‘Bayes’ is short for Bayes Factor. 
Positive Selection Type of Analysis REL –  No GARD  FEL –  No GARD  SLAC –   No GARD  REL – GARD  FEL ‐ GARD  SLAC ‐ GARD 
A.A. 
Y/N  p‐val  Y/N  p‐val  Y/N  p‐val  Y/N  Bayes  Y/N  p‐val  Y/N  p‐val 181  No  NA  No  NA  No  NA  Yes  621  No  NA  No  NA 262  No  NA  No  NA  No  NA  Yes  3920  Yes  0.046  No  NA 311  No  NA  No  NA  No  NA  Yes  569  No  0.090  No  NA 350  Yes  417.1  Yes  0.027  No  NA  Yes  2520  Yes  0.007  No  0.057 
 
Negative Selection Type of Analysis REL –  No GARD  FEL –  No GARD  SLAC –   No GARD  REL – GARD  FEL ‐ GARD  SLAC ‐ GARD 
A.A 
Y/N  p‐val  Y/N  p‐val  Y/N  p‐val  Y/N  Bayes  Y/N  p‐val  Y/N  p‐val 71  No  NA  Yes  0.049  No  NA  No  NA  No  NA  No  NA 79  No  NA  No  NA  No  NA  No  NA  Yes  0.027  No  NA 151  No  NA  Yes  0.010  Yes  0.037  No  NA  Yes  0.010  Yes  0.037 192  No  NA  No  0.060  No  NA  No  NA  Yes  0.015  Yes  0.038 252  No  NA  No  0.090  No  NA  No  NA  Yes  0.016  Yes  0.046 258  No  NA  Yes  0.022  No  0.090  No  NA  Yes  0.022  No  0.091 286  No  NA  No  0.091  No  NA  No  NA  Yes  0.017  Yes  0.046 357  No  NA  No  NA  No  NA  Yes  4006  Yes  0.001  Yes  0.005 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i. Hemagglutinin   As mentioned above, in order to perform the GARD analyses, appropriate nucleotide bias substitution models were required for each dataset.  The most common nucleotide substitution model selected by the ‘Automatic Model Selection Tool’ within Datamonkey was the HKY85 model, also abbreviated as 010010.  This was also the model employed by Bragstad and coworkers for their analyses (2008).  However, some other models were selected for a small number of datasets.  For example, the model 012212 was selected for the Denmark NA dataset and 000010 for the Kentucky/Virginia NA dataset.  The standard F81 model was also identified as the best fit for a limited number of the datasets.   Using HyPhy and the batch file ‘SingleBreakpointRecomb.bf’, recombination was detected for the Denmark HA dataset.  Within the first 200 minutes that this analysis ran, over 20 breakpoints were detected within the first 70 amino acid positions, beginning with the first at position 4 of the alignment.  Due to the overwhelming number of breakpoints (i.e. recombination events) detected and computational intensity of the method, this analysis was not completed.  In the end, all HA datasets can be assumed to have experienced recombination events, although this was only accounted for in further analyses involving the Vietnam and Kentucky/Virginia HA datasets.   Where recombination was detected, the output of GARD containing multiple phylogenetic trees representing each non‐recombinant fragment was submitted to Datamonkey for further analyses using the SLAC, FEL, and REL methods. The SLAC and FEL methods available through HyPhy were also applied to all HA datasets, 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without taking recombination into account. In addition, all Datamonkey methods were used on all HA datasets that could be applied within the limits of the dataset size.  The significance level for all SLAC and FEL methods was set at 0.05, and for REL, it was set at 50. 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Table 2. Vietnam Hemagglutinin – Selective Pressures 
 The REL, FEL, and SLAC analyses shown here for Datamonkey were performed using the output of the GARD analysis on this dataset.  GARD analysis detected one breakpoint (i.e. recombination event) in this alignment.  SLAC and FEL analyses performed using HyPhy do not take recombination into account.  The significance level applied for FEL and SLAC is 0.05, for REL is it 0.05.  P‐values (‘p‐val’] are included for sites where an analysis did not detect selective pressure if one or more of the other analyses did.  If p‐values for Datamonkey results are below 0.10 they are included, otherwise they are labeled ‘NA’ which is an abbreviation of ‘Not Available’. ‘Select’ is short for ‘Selected’ referring to whether the site was or was not identified as being selected, and Bayes is short for Bayes Factor.  
Positive Selection Type of Analysis SLAC ‐HyPhy  FEL ‐ HyPhy  REL ‐ Datamonkey  FEL ‐ Datamonkey  SLAC ‐Datamonkey 
  Codon   Select  p‐val  Select  p‐val  Select  Bayes  Select  p‐val  Select  p‐val 181 (165)  No  1.000  No  1.00  Yes  621  No  NA  No  NA 262 (264)  No  1.000  No  1.00  Yes  3920  Yes  0.046  No  NA 311 (295)  No  1.000  No  1.00  Yes  569  No  0.090  No  NA 350 (334)  No  1.000  Yes  0.027  Yes  2520  Yes  0.007  No  0.057 
Negative Selection Type of Analysis SLAC ‐HyPhy  FEL ‐ HyPhy  REL ‐Datamonkey  FEL ‐ Datamonkey  SLAC ‐Datamonkey 
 Codon 
Select  p‐val  Select  p‐val  Select  Bayes  Select  p‐val  Select  p‐val 71 (55)  No  0.631  Yes  0.048  No  NA  No  NA  No  NA 79 (63)  No  0.831  No  0.124  No  NA  Yes  0.027  No  NA 151 (135)  No  0.110  Yes  0.010  No  NA  Yes  0.010  Yes  0.037 192 (176)  No  0.292  No  0.061  No  NA  Yes  0.015  Yes  0.038 252 (236)  No  0.729  No  0.088  No  NA  Yes  0.016  Yes  0.046 258 (242)  No  0.205  Yes  0.021  No  NA  Yes  0.022  No  0.091 286 (302)  No  0729  No  0.09  No  NA  Yes  0017  Yes  0.046 357 (391)  No  0.214  No  0.067  Yes  4006  Yes  0.001  Yes  0.005 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Vietnam HA   For the Vietnam HA dataset, n = 42, the SLAC or FEL methods are expected to return the most accurate results.  Two sites from this dataset can be considered strongly positively selected based on their levels of significance, and the number of methods that identified them.  These are positions 262 (Datamonkey FEL p‐value 0.046, REL Bayes factor 3920), and 350 (Datamonkey FEL p‐value 0.007, REL Bayes factor 2520).  The other two sites identified by REL, 181 and 311, may be false positives.   Positions 71, 79, 151, 182, 252, 258, 286, and 357 were all described as negatively selected by at least one method for the Vietnam HA dataset. Only three or four of these should probably be seriously considered as selected.  These positions are 71 (HyPhy FEL p‐value = 0.048), 151 (HyPhy FEL p‐value = 0.010), 258 (HyPhy FEL p‐value = 0.021), and possibly 357 (Datamonkey REL Bayes factor = 4006) (See Table 2). 
Denmark HA In the case of the Denmark HA dataset, in addition to the two rate FEL analyses performed on this and all other HA dataset, a one rate FEL analysis was also applied.  The output of these FEL analyses, along with a SLAC analysis performed using HyPhy, are shown in Tables E‐F4.  These results represent the effect of taking synonymous rate variation into account (i.e. using a two rate FEL analysis)as opposed to keeping synonymous rate variation constant over the entire alignment (i.e. using a one rate FEL analysis). 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Table 3. Denmark Hemagglutinin – Positive Selection 
 This dataset was too large to perform a GARD analysis on; therefore, the data is calculated without taking recombination into account.  Using HyPhy, SLAC, two rate FEL, and one rate FEL analyses were performed.  The significance level applied for FEL and SLAC is 0.05. ‘Selected’ refers to whether the site was or was not identified as being selected.  
 
Positive Selection Type of Analysis SLAC ‐HyPhy  Two Rate FEL  One Rate FEL   Codon   Selected  p‐value  Selected  p‐value  Selected  p‐value 13   No    Yes  0.046  No   41 (25)  No    No    Yes  0.035 66 (50)  No    No    Yes  0.015 160 (144)  No    No    Yes  0.028 189 (173)  No    No    Yes  0.029 205 (189)  No    No    Yes  0.041 209 (193)  No    No    Yes  0.045 215 (199)  No    Yes  0.047  Yes  0.003 546 (200)  No    No    Yes  0.012 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Table 4­1. Denmark Hemagglutinin – Negative Selection 
 This dataset was too large to perform a GARD analysis on; therefore, the data is calculated without taking recombination into account.  Using HyPhy, SLAC, two rate FEL, and one rate FEL analyses were performed.  The significance level applied for FEL and SLAC is 0.05.  Some P‐values are included for sites where an analysis did not detect selective pressure if one or more of the other analyses did. ‘Selected’ refers to whether the site was or was not identified as being selected. 
Negative Selection Type of Analysis SLAC ‐HyPhy  Two Rate FEL  One Rate FEL  Codon  Selected  p‐value  Selected  p‐value  Selected  p‐value 23  No    No    Yes  0.041 32  No    No    Yes  0.033 33 (17)  No  0.278  Yes  0.009  No  0.061 36  No    No    Yes  0.047 40 (24)  No  0.377  Yes  0.042  No  0.050 42  No    No    Yes  0.041 46 (30)  No  0.377  Yes  0.042  No  0050 48  No    No    Yes  0.041 51 (35)  No  0.495  Yes  0.011  Yes  0.042 52 (36)  No  0.388  Yes  0.029  Yes  0.047 57  No    No    Yes  0.042 59  No    No    Yes  0.047 88  No    No    Yes  0.034 106  No    No    Yes  0.049 118  No    No    Yes  0.047 131 (115)  No  0.355  Yes  0.043  No  0.065 132  No    No    Yes  0.033 133 (117)  No  0.426  Yes  0.022  No  0.050 135  No    No    Yes  0.042 139  No    No    Yes  0.042 146  No    No    Yes  0.047 149 (133)  No  0.414  Yes  0.025  No  0.052 150  No    No    Yes  0.034 157 (141)  No  0.340  Yes  0.007  Yes  0.038 162  No    No    Yes  0.037 166 (150)  No  0.479  Yes  0.013  Yes  0.040 177 (161)  No  0.354  Yes  0.041  No  0.076 182 (166)  No  0.380  Yes  0.038  Yes  0.047 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Table 4­2. Denmark Hemagglutinin – Negative Selection continued 
 This dataset was too large to perform a GARD analysis on; therefore, the data is calculated without taking recombination into account.  Using HyPhy, SLAC, two rate FEL, and one rate FEL analyses were performed.  The significance level applied for FEL and SLAC is 0.05. Some P‐values are included for sites where an analysis did not detect selective pressure if one or more of the other analyses did.  ‘Selected’ refers to whether the site was or was not identified as being selected. 
Negative Selection Type of Analysis SLAC ‐HyPhy  Two Rate FEL  One Rate FEL  Codon  Selected  p‐value  Selected  p‐value  Selected  p‐value 183 (167)  No  0.384  Yes  0.033  No  0.050 197  No    No    Yes  0.033 198 (182)  No  0.388  Yes  0.030  Yes  0.047 203 (187)  No  0.184  Yes  0.003  No  0.050 212  No    No    Yes  0.039 214  No    No    Yes  0.039 220  No    No    Yes  0.047 234  No    No    Yes  0.034 235 (219)  No  0.271  Yes  0.012  No  0.064 237 (221)  No  0.372  Yes  0.041  No  0.059 238 (222)  No  0.061  Yes  0.003  No  0.380 244  No    No    Yes  0.034 265  No    No    Yes  0.033 272  No    No    Yes  0.033 291 (275)  No  0.404  Yes  0.024  Yes  0.033 302 (286)  No  0.467  Yes  0.016  Yes  0.034 308 (292)  No  0.459  Yes  0.015  No  0.055 313  No    No    Yes  0.047 315 (299)  No  0.340  Yes  0.007  Yes  0.038 323  No    No    Yes  0.040 325  No    No    Yes  0.047 335 (319)  No  0.392  Yes  0.029  Yes  0.033 339  No    No    Yes  0.047 341  No    No    Yes  0.042 345  No    No    Yes  0.042 349  No    No    Yes  0.033 352 (7)  No  0.373  Yes  0.033  Yes  0.039 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Table 4­3. Denmark Hemagglutinin – Negative Selection continued 
 This dataset was too large to perform a GARD analysis on; therefore, the data is calculated without taking recombination into account.  Using HyPhy, SLAC, two rate FEL, and one rate FEL analyses were performed.  The significance level applied for FEL and SLAC is 0.05. Some P‐values are included for sites where an analysis did not detect selective pressure if one or more of the other analyses did.  ‘Selected’ refers to whether the site was or was not identified as being selected. 
Negative Selection Type of Analysis SLAC ‐HyPhy  Two Rate FEL  One Rate FEL  Codon  Selected  p‐value  Selected  p‐value  Selected  p‐value 353 (8)  No  0.398  Yes  0.005  Yes  0.033 360  No    No    Yes  0.042 364 (19)  No  0.419  Yes  0.021  Yes  0.041 370 (25)  No  0.340  Yes  0.007  Yes  0.038 376  No    No    Yes  0.033 378 (33)  No  0.467  Yes  0.015  Yes  0.034 380  No    No    Yes  0.039 396 (51)  No  0.459  Yes  0.023  No  0.055 399 (54)  No  0.398  Yes  0.028  Yes  0.034 401 (56)  No  0.355  Yes  0.037  No  0.121 404 (59)  No  0.426  Yes  0.028  No  0.050 406  No    No    Yes  0.042 419 (74)  No  0.495  Yes  0.012  Yes  0.042 420 (75)  No  0.335  Yes  0.007  Yes  0.033 430  No    No    Yes  0.042 431  No    No    Yes  0.041 440 (95)  No  0.391  Yes  0.027  No  0.052 441 (96)  No  0.114  Yes  0.001  Yes  0.039 446 (101)  No  0.389  Yes  0.028  Yes  0.039 448  No    No    Yes  0.042 454  No    No    Yes  0.041 457  No    No    Yes  0.041 472  No    No    Yes  0.034 473  No    No    Yes  0.042 476  No    No    Yes  0.042 486 (141)  No  0.354  Yes  0.042  No  0.076 493 (148)  No  0.392  Yes  0.027  No  0.050 503 (158)  No  0.232  Yes  0.045  No  0.327 509  No    No    Yes  0.041 510  No    No    Yes  0.042 512  No  0.078  Yes  0.010  No  0.124 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Table 4­4. Denmark Hemagglutinin – Negative Selection continued 
 This dataset was too large to perform a GARD analysis on; therefore, the data is calculated without taking recombination into account.  Using HyPhy, SLAC, two rate FEL, and one rate FEL analyses were performed.  The significance level applied for FEL and SLAC is 0.05. Some P‐values are included for sites where an analysis did not detect selective pressure if one or more of the other analyses did.  ‘Selected’ refers to whether the site was or was not identified as being selected.  
Negative Selection Type of Analysis SLAC ‐HyPhy  Two Rate FEL  One Rate FEL  Codon  Selected  p‐value  Selected  p‐value  Selected  p‐value 549  No    No    Yes  0.033 561  No    No    Yes  0.034  
Denmark HA   The Denmark HA dataset consisted of 212 sequences, suggesting it should be analyzed using SLAC.  Because a SLAC analysis tends to be more conservative, a FEL analysis, although more computationally intensive, should yield fairly accurate results.  In the end, SLAC did not identify any positively selected sites for this dataset; however, FEL was able to identify two.  These were positions 13 and 215.  As mentioned previously, these positions are numbered starting with the first start codon of the alignment.  This means that codon 215 identified here as positively selected is the same residue (199) also identified by Bragstad et al. as such (2008).  This position has been implicated in the ability of the virus to grow in eggs (Hardy et al., 1995).     An extremely large number of sites were classified as being negatively selected for the Denmark HA dataset (see Tables 4‐1 to 4‐4).  However, none of these positions were identified by the more conservative SLAC methods.  Of those 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selected by two rate FEL, only position 512 also had a SLAC p‐value less than 0.100 (0.078).  This is not to say that the sites identified by FEL are not accurate.  Many returned very low p‐values indicating a high level of confidence, such as positions 203, 238, 315, 353, 370, 420, and 441 all with p‐values less than 0.01.   For some datasets, identical sequences were removed prior to analysis to decrease computational intensity.  As mentioned above, Datamonkey will always remove all identical sequences before it performs analyses.  In the case of the HA and NA datasets from New York, such a large number of sequences were available that identical sequences were removed for all analyses, including those performed through HyPhy.  The results of SLAC and two rate FEL analyses performed on the New York HA dataset can be seen below in Tables 5 through 6‐3. 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Table 5. New York Hemagglutinin – Positive Selection This dataset does not contain any identical sequences.  Even with these identical sequences removed, this dataset was too large to perform any analyses on it through Datamonkey, including GARD.  Due to this, the results of the SLAC and FEL analyses performed using HyPhy, as shown below, do not take recombination into account.  The significance level applied for both methods is 0.05. Some P‐values may be included for sites where an analysis did not detect selective pressure if one or more of the other analyses did. ‘Selected’ refers to whether the site was or was not identified as being selected.  
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Positive Selection 
Type of Analysis 
SLAC ‐HyPhy  FEL ‐ HyPhy 
 
 
Codon   Selected  p‐value  Selected  p‐value 
19 (3)  No  NA  Yes  0.030 
236 (220)  Yes  0.000  Yes  0.001 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Table 6­1. New York Hemagglutinin ­ Negative Selection This dataset does not contain any identical sequences.  Even with these identical sequences removed, this dataset was too large to perform any analyses on it through Datamonkey, including GARD.  Due to this, the results of the SLAC and FEL analyses performed using HyPhy, as shown below, do not take recombination into account.  The significance level applied for both methods is 0.05.  Some P‐values may be included for sites where an analysis did not detect selective pressure if one or more of the other analyses did. ‘Selected’ refers to whether the site was or was not identified as being selected.  
Negative Selection Type of Analysis SLAC ‐HyPhy  FEL ‐ HyPhy  Codon  Select  p‐value  Select  p‐value 12  No  NA  Yes  0.025 27 (11)  No  NA  Yes  0.018 32 (16)  No  NA  Yes  0.026 33 (17)  No  NA  Yes  0.001 36 (20)  No  NA  Yes  0.031 40 (24)  No  NA  Yes  0.042 51 (35)  No  NA  Yes  0.012 52 (36)  No  NA  Yes  0.000 57 (41)  No  NA  Yes  0.027 59 (43)  No  NA  Yes  0.030 62  No  NA  Yes  0.045 67  No  NA  Yes  0.020 68  No  NA  Yes  0.027 89  No  NA  Yes  0.022 131 (115)  No  NA  Yes  0.042 133 (117)  No  NA  Yes  0.028 135 (119)  No  NA  Yes  0.002 155  No  NA  Yes  0.027 159  No  NA  Yes  0.012 177  No  NA  Yes  0.011 184 (168)  No  NA  Yes  0.000 197 (181)  No  NA  Yes  0.029 199  No  NA  Yes  0.033 201  No  NA  Yes  0.048 203 (187)  No  NA  Yes  0.037 216  No  NA  Yes  0.023 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Table 6­2. New York Hemagglutinin  ­ Negative Selection continued This dataset did not contain any identical sequences.  Even with these identical sequences removed, this dataset was too large to perform any analyses on it through Datamonkey, including GARD.  Due to this, the results of the SLAC and FEL analyses performed using HyPhy, as shown below, do not take recombination into account.  The significance level applied for both methods is 0.05. Some P‐values may be included for sites where an analysis did not detect selective pressure if one or more of the other analyses did. ‘Selected’ refers to whether the site was or was not identified as being selected.  
Negative Selection Type of Analysis SLAC ‐HyPhy  FEL – HyPhy  Codon  Select  p‐value  Select  p‐value 224  No  NA  Yes  0.014 228  No  NA  Yes  0.033 229  No  NA  Yes  0.022 234 (218)  No  NA  Yes  0.007 253  No  NA  Yes  0.022 255  No  NA  Yes  0.015 261  No  NA  Yes  0.034 266  No  NA  Yes  0.025 269  No  NA  Yes  0.026 271  No  NA  Yes  0.049 295  No  NA  Yes  0.041 310  No  NA  Yes  0.033 329  No  NA  Yes  0.033 335  No  NA  Yes  0.029 337 (321)  No  NA  Yes  0.006 339 (323)  No  NA  Yes  0.006 349 (333)  No  NA  Yes  0.000 351  No  NA  Yes  0.038 352 (7)  No  NA  Yes  0.032 353  No  NA  Yes  0.023 358  No  NA  Yes  0.023 367 (22)  No  NA  Yes  0.001 368  No  NA  Yes  0.023 373  No  NA  Yes  0.025 375  No  NA  Yes  0.027 376  No  NA  Yes  0.022 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Table 6­3. New York Hemagglutinin  ­ Negative Selection continued This dataset did not contain any identical sequences.  Even with these identical sequences removed, this dataset was too large to perform any analyses on it through Datamonkey, including GARD.  Due to this, the results of the SLAC and FEL analyses performed using HyPhy, as shown below, do not take recombination into account.  The significance level applied for both methods is 0.05. Some P‐values may be included for sites where an analysis did not detect selective pressure if one or more of the other analyses did. ‘Selected’ refers to whether the site was or was not identified as being selected.  
Negative Selection Type of Analysis SLAC ‐HyPhy  FEL – HyPhy  Codon  Select  p‐value  Select  p‐value 378 (33)   No  NA  Yes  0.001 386   No  NA  Yes  0.033 390  No  NA  Yes  0.011 396 (51)  No  NA  Yes  0.005 399 (54)  No  NA  Yes  0.000 404 (59)  No  NA  Yes  0.003 405  No  NA  Yes  0.028 406 (61)  No  NA  Yes  0.002 407  No  NA  Yes  0.016 409  No  NA  Yes  0.029 413  No  NA  Yes  0.016 419 (74)  No  NA  Yes  0.002 429  No  NA  Yes  0.031 432  No  NA  Yes  0.033 438  No  NA  Yes  0.047 441  No  NA  Yes  0.034 451  No  NA  Yes  0.030 496  No  NA  Yes  0.035 506  No  NA  Yes  0.024 509  No  NA  Yes  0.043 510  No  NA  Yes  0.012 515  No  NA  Yes  0.018 516 (171)  No  NA  Yes  0.000 519  No  NA  Yes  0.016 526 (181)  No  NA  Yes  0.003 531  No  NA  Yes  0.038 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New York HA     For the large New York HA dataset, n = 346, the most practical method to apply would be SLAC.  Again, FEL should also yield reliable results but at the cost of an increase in runtime.  The codon in position 236 was strongly identified as positively selected by both these methods with p‐values of 0.000 and 0.001 respectively.  Based on this, we can be quite certain that this site is, in fact, under positive selection.  Site 19 was also selected by FEL as positively selected with a p‐value of 0.030.   Similar to the Denmark dataset, New York HA also had a sizeable number of positions shown to be negatively selected.   Again, none of these were detected by the SLAC analysis, but many had very low p‐values returned from the FEL analysis.  These positions with p‐values less than 0.01 for the FEL analysis include codon numbers 33, 52, 135, 184, 234, 337, 339, 349, 367, 378, 369, 399, 406, 419, 516, and 526.  Among them, positions with a p‐value less than 0.01 include 131, 172, 203, 302, 318, 351, and 404.  See Tables 6‐1 and 6‐3 for full details.   The remaining HA datasets were examined for evidence for selective pressures using the methods available through HyPhy and Datamonkey as described above. 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Table 7. Kentucky/ Virginia Hemagglutinin – Positive Selection The REL, FEL, and SLAC analyses shown here performed through Datamonkey were performed using the output of the GARD analysis on this dataset.  GARD analysis detected two breakpoints (i.e. recombination event) in this alignment.  SLAC and FEL analyses performed using HyPhy do not take recombination into account.  The significance level applied for FEL and SLAC is 0.05, for REL is it 0.05. Some p‐values are included for sites where an analysis did not detect selective pressure if one or more of the other analyses did.  If p‐values for Datamonkey results are below 0.10 they are included, otherwise they are labeled as ‘NA’ which is an abbreviation for ‘Not Available’.  ‘Select’ refers to whether the site was or was not identified as being selected.  
 
Positive Selection Type of Analysis SLAC ‐HyPhy  FEL ‐ HyPhy  REL ‐ Datamonkey  FEL ‐ Datamonkey  SLAC ‐Datamonkey  Codon  Select  p‐value  Select  p‐value  Select  Bayes Factor  Select  p‐value  Select  p‐value 66 (50)  No  1.000  No  1.000  Yes  2.79 +06  Yes  0.016  Yes  0.025 154 (138)  No  1.000  No  0.364  Yes  142.7  No  NA  No  NA 173 (157)  No  1.000  No  1.000  Yes  358.4  No  NA  No  NA 189 (173)  No  1.000  No  0.480  Yes  995.9  No  NA  No  NA 202 (186)  No  1.000  No  0.357  Yes  126.7  No  NA  No  NA 208 (192)  No  1.102  No  1.000  Yes  134.2  No  NA  No  NA 209 (193)  No  1.000  No  0.393  Yes  146.9  No  NA  No  NA 377 (32)  No  1.000  No  0.715  Yes  5664  No  NA  No  NA 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Table 8­1. Kentucky/ Virginia Hemagglutinin – Negative Selection 
 The REL, FEL, and SLAC analyses shown here performed through Datamonkey were performed using the output of the GARD analysis on this dataset.  GARD analysis detected two breakpoints (i.e. recombination event) in this alignment.  SLAC and FEL analyses performed using HyPhy do not take recombination into account.  The significance level applied for FEL and SLAC is 0.05, for REL is it 0.05. Some p‐values (p‐val) are included for sites where an analysis did not detect selective pressure if one or more of the other analyses did.  If p‐values for Datamonkey results are below 0.10they are included, otherwise they are labeled as ‘NA’ which is an abbreviation for ‘Not Available’.  ‘Select’ refers to whether the site was or was not identified as being selected. ‘Bayes’ is short for ‘Bayes Factor’.  
 
Negative Selection Type of Analysis SLAC ‐HyPhy  FEL ‐ HyPhy  REL ‐ Datamonkey  FEL ‐ Datamonkey  SLAC ‐Datamonkey 
 Codon 
Select  p‐val  Select  p‐val  Select  Bayes  Select  p‐val  Select  p‐val 20 (4)  No  0.173  No  0.181  Yes  40791  Yes  1.4E‐05  Yes  0.000 46 (30)  No  0.305  No  0.174  No  NA  Yes  0.012  Yes  0.037 52 (36)  No  0.315  No  0.156  No  NA  Yes  0.027  No  NA 59 (43)  No  0.621  No  0.173  Yes  65.62  Yes  0.006  Yes  0.037 201 (185)  No  0.280  No  0.179  No  NA  Yes  0.043  No  NA 253 (237)  No  0.334  No  1.000  No  NA  Yes  0.023  No  NA 271 (255)  No  0.216  No  0.189  No  NA  Yes  0.045  No  NA 310 (294)  No  0.098  No  0.165  No  NA  Yes  0.019  No  NA 318 (302)  No  0.052  No  0.196  No  NA  Yes  0.020  No  NA 364 (19)  No  0.843  No  0.346  No  NA  Yes  0.014  No  NA 399 (54)  No  0.898  No  0.481  Yes  115.4  Yes  0.004  Yes  0.028 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Table 8­2. Kentucky/ Virginia Hemagglutinin – Negative Selection 
 The REL, FEL, and SLAC analyses shown here performed through Datamonkey were performed using the output of the GARD analysis on this dataset.  GARD analysis detected two breakpoints (i.e. recombination event) in this alignment.  SLAC and FEL analyses performed using HyPhy do not take recombination into account.  The significance level applied for FEL and SLAC is 0.05, for REL is it 0.05. Some p‐values (p‐val) are included for sites where an analysis did not detect selective pressure if one or more of the other analyses did.  If p‐values for Datamonkey results are below 0.10they are included, otherwise they are labeled as ‘NA’ which is an abbreviation for ‘Not Available’.  ‘Select’ refers to whether the site was or was not identified as being selected. ‘Bayes’ is short for ‘Bayes Factor’.  
 
Negative Selection Type of Analysis SLAC ‐HyPhy  FEL ‐ HyPhy  REL ‐ Datamonkey  FEL ‐ Datamonkey  SLAC ‐Datamonkey 
 Codon 
Select  p‐val  Select  p‐val  Select  Bayes  Select  p‐val  Select  p‐val 418  No  0.930  No  0.494  No  NA  Yes  0.016  No  NA 421  No  0838  No  0.499  Yes  142.3  Yes  0.000  Yes  0.028 432 (90)  No  0.293  No  0.512  Yes  247.0  Yes  0.002  Yes  0.012 466  No  0.804  No  0.506  No  NA  Yes  0.012  No  NA 485  No  0.726  No  0.475  No  NA  Yes  0.030  No  NA 504  No  0.867  No  0.503  No  NA  Yes  0.018  No  NA 516 (171)  No  0.854  No  0.503  No  NA  Yes  0.018  No  NA 520  No  0907  No  0.473  Yes  148.7  Yes  0.001  Yes  0.038 526 (181)  No  0.859  No  0.480  Yes  123.1  Yes  0.004  Yes  0.040 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Kentucky/Virginia HA      The Kentucky/Virginia HA dataset of 40 sequences is a good candidate for either SLAC or FEL analyses.  REL analysis may also be deemed appropriate; however, there is a risk of encountering false positives.  Indeed, we see that REL was able to identify 7 sites as positively selected (154,173,189,202,208,209,377) that the other methods did not.  This is probably a result of the ability of REL to pool information across sites.  Site 66 was reliably identified by the REL, FEL, and SLAC methods of Datamonkey that were able to take recombination into account.     For the Kentucky/Virginia HA dataset, neither SLAC nor FEL performed through HyPhy were able to support evidence of negative selection at any sites. However, REL, FEL, and SLAC methods all classified a number of sites as being negatively selected.  Most significantly, these include positions 20, 59, 399, 421, 432, 520, and 526. 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Table 9. Australia Hemagglutinin  ­ Positive Selection 
 This dataset was too large to perform a GARD analysis on, or any other methods through Datamonkey.  SLAC and FEL analyses performed using HyPhy do not take recombination into account.  The significance level applied for FEL and SLAC is 0.05. Some P‐values are included for sites where an analysis did not detect selective pressure if the other analysis did. ‘Selected’ refers to whether the site was or was not identified as being selected. 
                    
Positive Selection Type of Analysis SLAC ‐HyPhy  FEL ‐ HyPhy   Codon   Selected  p‐value  Selected  p‐value 160 (144)  No  1.000  Yes  0.034 202 (186)  No  0.201  Yes  0.044 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Table 10­1. Australia Hemagglutinin  ­ Negative Selection 
 This dataset was too large to perform a GARD analysis on, or any other methods through Datamonkey.  SLAC and FEL analyses performed using HyPhy do not take recombination into account.  The significance level applied for FEL and SLAC is 0.05.  Some p‐values are included for sites where an analysis did not detect selective pressure if the other analysis did.  ‘Selected’ refers to whether the site was or was not identified as being selected.  
Negative Selection 
Type of Analysis 
SLAC ‐HyPhy  FEL ‐ HyPhy 
 
Codon 
Select  p‐value  Select  p‐value 
30  No  0.425  Yes  0.022 
32  No  0.399  Yes  0.031 
33 (17)  No  0.404  Yes  0.023 
40 (24)  No  0.391  Yes  0.043 
46 (30)  No  0.391  Yes  0.042 
52 (36)  No  0.236  Yes  0.002 
72  No  0.404  Yes  0.023 
73  No  0.258  Yes  0.011 
95  No  0.391  Yes  0.025 
119  No  0.247  Yes  0.014 
125  No  0.399  Yes  0.028 
129  No  0.387  Yes  0.030 
131 (113)  No  0.097  Yes  0.001 
133 (115)  No  0.415  Yes  0.029 
149  No  0.336  Yes  0.021 
172  Yes  0.038  Yes  0.004 
177 (161)  No  0.393  Yes  0.028 
197  No  0.398  Yes  0.032 
203 (187)  No  0.207  Yes  0.003 
225  No  0.427  Yes  0.019 
231  No  0.563  Yes  0.014 
302  No  0.408  Yes  0.005 
315  No  0.399  Yes  0.027 
318  No  0.303  Yes  0.007 
321  No  0.425  Yes  0.021 
325  No  0.403  Yes  0.031 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Table 10­2. Australia Hemagglutinin ­ Negative Selection Continued 
 This dataset was too large to perform a GARD analysis on, or any other methods through Datamonkey.  SLAC and FEL analyses performed using HyPhy do not take recombination into account.  The significance level applied for FEL and SLAC is 0.05. Some p‐values are included for sites where an analysis did not detect selective pressure if the other analysis did. ‘Selected’ refers to whether the site was or was not identified as being selected.  
 
Negative Selection 
Type of Analysis 
SLAC ‐HyPhy  FEL ‐ HyPhy 
 
Codon 
Select  p‐value  Select  p‐value 
335 (319)  No  0.398446  Yes  0.032 
339 (323)  No  0.438007  Yes  0.025 
351 (6)  No  0.31178  Yes  0.008 
367 (22)  No  0.392781  Yes  0.028 
374  No  0.37172  Yes  0.035 
383  No  0.381494  Yes  0.026 
395  No  0.398446  Yes  0.030 
404 (59)  No  0.299124  Yes  0.007 
561  No  0.398585  Yes  0.026  
Australia HA   The more sensitive FEL analysis was able to identify two positions, at 160 (p‐value 0.034) and 202 (p‐value = 0.044).  These sites were not identified as positively selected by the more conservative SLAC analysis.   Only HyPhy analyses were able to be performed on this dataset (n = 159).  The more conservative SLAC showed one site as negatively selected, 172, with a p‐value of 0.038.  Many other sites were identified by FEL as being negatively selected. 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ii. Neuraminidase  For all NA datasets, HyPhy was used to apply SLAC and two rate FEL analyses. These methods did not take recombination into account; however, no recombination was detected by GARD for any of the datasets it was run on, and none was excepted for the larger datasets it could not be run on (New York and Denmark NA).  SLAC, FEL, and REL analyses were also performed through Datamonkey on all NA datasets that could be applied within the limits of the dataset size.  The exception to this was for the Vietnam NA dataset for which SLAC analyses was not performed through Datamonkey.  The significance level for all SLAC and FEL methods was set at 0.05, and for REL, it was set at 50. 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Table 11. Vietnam Neuraminidase – Selective Pressures 
 Datamonkey results were performed without GARD analysis, as GARD did not detect any signs of recombination. Significance level for FEL and SLAC methods was set at 0.05 and 50 for REL analyses.  Some p‐values are included for sites where an analysis did not detect selective pressure if one or more of the other analyses did.  ‘Select’ is short for selected, indicating that the method in question did or did not identify selective pressure acting at the codon position.   
 
Positive Selection Type of Analysis SLAC ‐ HyPhy  FEL ‐ HyPhy  REL ‐ Datamonkey  FEL ‐ Datamonkey Codon Position  Select  p‐value  Select  p‐value  Select  Bayes Factor  Select  p‐value 148  No  1.000  No  0.143  Yes  3505  No  NA 151  No  1.000  No  1.000  Yes  46150  No  NA 221  No  1.000  No  0.343  Yes  109  No  NA 385  No  1.000  No  1.00  Yes  110  No  NA 
 
Negative Selection   Type of Analysis SLAC ‐ HyPhy  FEL ‐ HyPhy  REL ‐ Datamonkey  FEL ‐ Datamonkey Codon Position  Select  p‐value  Select  p‐value  Select  Bayes Factor  Select  p‐value 129  No  0.084  Yes  0.003  No  NA  Yes  0.003 457  No  0.152  Yes  0.037  No  NA  Yes  0.037   
Vietnam NA   For the 28‐sequence Vietnam NA dataset, a FEL analysis seems most appropriate; however, REL returned two extremely strongly selected sites.  Neither of these sites, 148 (Bayes factor = 3505, FEL p‐value = 0.143) or 151 (Bayes factor = 46150, FEL p‐value = 151), were significantly selected through FEL.  Two other sites were classified as positively selected by REL, though with a lower, but still significant, level of confidence.  These were positions 221 and 385, with Bayes 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factors of 109 and 110, respectively.   
  Only two positions were found to be under negative selective pressure for the Vietnam NA dataset.  These were positions 129 (FEL p‐value = 0.003) and 457 (p‐value = 0.037). In order to perform GARD analyses on the Australia NA dataset, all but one copy of identical sequences were removed.  No evidence of recombination was detected for this dataset.  Similarly, identical sequences were removed from the Denmark NA dataset, but it was still too large for the GARD analysis.  SLAC analyses were, however, then able to be performed through Datamonkey on both datasets.  With identical sequences removed, the FEL and REL methods of Datamonkey were able to accommodate the Australia NA dataset, but not the Denmark NA dataset. 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Table 12. Australia Neuraminidase – Selective Pressures 
 Identical sequences were removed from this dataset to perform GARD analysis through Datamonkey.  GARD did not detect any evidence of recombination.   SLAC, REL, and FEL analyses were also performed through Datamonkey.  The significance level for FEL and SLAC is 0.05, for REL it is 50. If p‐values for Datamonkey results are below 0.10they are included, otherwise they labeled as ‘NA’, an abbreviation for ‘Not Available’. Some p‐values are included for sites where an analysis did not detect selective pressure if one or more of the other analyses did. ‘Select’ refers to whether the site was or was not identified as being selected.   
 
Positive Selection Type of Analysis SLAC ‐HyPhy  FEL ‐ HyPhy  REL ‐ Datamonkey  FEL ‐ Datamonkey  SLAC ‐Datamonkey   Codon   Select  p‐value  Select  p‐value  Select  Bayes Factor  Select  p‐value  Select  p‐value 267  No  1.000  Yes  0.042  No  NA  Yes  0.042  No  NA 
 
Negative Selection Type of Analysis SLAC ‐HyPhy  FEL ‐ HyPhy  REL ‐ Datamonkey  FEL ‐ Datamonkey  SLAC ‐Datamonkey  Codon  Select  p‐value  Select  p‐value  Select  Bayes Factor  Select  p‐value  Select  p‐value 16  No  0.142  Yes  0.006  Yes  70.24  Yes  0.006  Yes  0.037 125  No  0.282  Yes  0.012  No  NA  Yes  0.012  Yes  0.060 155  No  0.224  Yes  0.023  No  NA  Yes  0022  Yes  0.078 180  No  0.180  Yes  0.004  Yes  76.19  Yes  0.004  Yes  0.015 195  No  0.270  Yes  0.029  No  NA  Yes  0.029  No  NA 210  No  0.273  Yes  0.019  No  NA  Yes  0.019  Yes  0.087 224  No  0.273  Yes  0.018  No  NA  Yes  0.019  Yes  0.087 254  No  0.673  Yes  0.031  No  NA  Yes  0.031  Yes  0.087 280  No  0.244  Yes  0.021  No  NA  Yes  0.021  Yes  0.066 343  No  0.271  Yes  0.014  No  NA  Yes  0.014  Yes  0.071 345  No  0.288  Yes  0.020  No  NA  Yes  0.020  No  NA 387  No  0.264  Yes  0.020  No  NA  Yes  0.020  Yes  0.060 411  No  0.236  Yes  0.036  No  NA  Yes  0.037  No  NA 420  No  0.140  Yes  0.054  Yes  53.13  Yes  0.016  Yes  0.053 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Australia NA 
  Only one site was categorized as being positively selected for the Australia NA dataset.  This position, 267 (p‐value 0.042), was identified as such by the more sensitive FEL analysis. 
  A number of sites from the Australia NA dataset were recognized as being negatively selected.  Among these, the most significantly selected were 16 and 180 which both had p‐values less than 0.01.  Many other sites had FEL p‐values less than 0.02, including 125, 210, 224 and 343.  REL analysis detected on site, 420, as being positively selected; however, this type of analysis may not have been the most appropriate for this 57‐sequence dataset.  On the other hand, FEL through Datamonkey also found this site to be negatively selected, adding strength to the argument that is it, in fact, under selective pressure.       
Table 13. Denmark Neuraminidase – Positive Selection This dataset was too large to perform GARD analyses on; therefore, the data is calculated without taking recombination into account.  Identical sequences were removed to perform SLAC through Datamonkey.  Even with identical sequences removed this dataset was too large to perform REL or FEL through Datamonkey.  Significance level for FEL and SLAC is 0.05. If p‐values for Datamonkey results are below 0.10they are included, otherwise they labeled as ‘NA’, which is short for ‘Not Available’.  P‐values are included for sites where SLAC did not detect selective pressure if one or more of the other analyses did. ‘Select’ refers to whether the site was or was not identified as being selected.    
 
Positive Selection 
Type of Analysis 
SLAC ‐HyPhy  FEL ‐ HyPhy  SLAC ‐ Datamonkey 
 
 
Codon   Select  p‐value  Select  p‐value  Select  p‐value 
221  Yes  0.049  Yes  0.033  No  0.098 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Table 14. Denmark Neuraminidase – Negative Selection  This dataset was too large to perform GARD analyses on.  Identical sequences were removed to perform SLAC through Datamonkey.  Even with identical sequences removed this dataset was too large to perform REL or FEL through Datamonkey.  Significance level for FEL and SLAC is 0.05. If p‐values for Datamonkey results are below 0.10they are included, otherwise they labeled as ‘NA’, which is short for ‘Not Available’.  P‐values are included for sites where SLAC did not detect selective pressure if one or more of the other analyses did. ‘Select’ refers to whether the site was or was not identified as being selected.    
 
Negative Selection 
Type of Analysis 
SLAC ‐HyPhy  FEL ‐ HyPhy  SLAC ‐ Datamonkey 
 
Codon 
Select  p‐value  Select  p‐value  Select  p‐value 
9  No  0.350  Yes  0.008  Yes  0.037 
12  No  0.354  Yes  0.041  No  NA 
20  No  0.769  Yes  0.021  No  0.061 
39  No  0.312  Yes  0.039  No  NA 
89  No  0.304  Yes  0.006  Yes  0.024 
128  No  1.000  Yes  0.027  No  0.084 
135  No  0.406  Yes  0.023  No  NA 
162  No  0.389  Yes  0.004  No  NA 
188  No  0.375  Yes  0.021  No  NA 
195  No  0.392  Yes  0.032  No  NA 
224  No  0.446  Yes  0.020  No  0.094 
225  No  0.361  Yes  0.040  No  NA 
244  No  0.360  Yes  0.007  Yes  0.038 
248  No  0.435  Yes  0.020  No  NA 
272  No  0.394  Yes  0.025  No  NA 
277  No  0.397  Yes  0.023  No  0.082 
278  No  0.243  Yes  0.010  Yes  0.021 
294  No  0.290  Yes  0.007  Yes  0.019 
302  No  0.284  Yes  0.007  Yes  0.006 
319  No  0.320  Yes  0.039  No  NA 
340  No  0.358  Yes  0.029  No  NA 
386  No  0.358  Yes  0.032  No  NA 
402  No  0.290  Yes  0.005  Yes  0.019 
403  No  0.319  Yes  0.006  Yes  0.029 
411  No  0.338  Yes  0.047  No  NA 
436  No  0.358  Yes  0.038  No  NA 
445  No  0.321  Yes  0.001  Yes  0.037 
463  No  0.365  Yes  0.005  Yes  0.019 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Denmark NA Similar to the previous dataset, the Denmark NA dataset also only has one site returned as positively selected.  In this case, codon position 221 was shown as positively selected by both SLAC (p‐value = 0.049) and FEL (p‐value = 0.033) methods of HyPhy.  Here we see how removing identical sequences from a dataset can have an impact on the final results.  That is, all duplicate sequences were removed before a SLAC analyses was performed through Datamonkey.  The p‐value returned by this analysis for codon 221 was too large, at 0.098, to confidently identify this position as positively selected.  On the other hand, taking the base frequencies the sequences provided into account, SLAC through HyPhy found a lower and significant p‐value of 0.049.  Overall, we can be fairly confident that this site is, in fact, positively selected.   For the Denmark NA dataset, FEL analysis found a number of sites that were negatively selected.  While SLAC analysis through HyPhy did not agree with any of these designations, SLAC through Datamonkey did concur with a few.  These were the most significantly selected sites with FEL p‐values less than or equal to 0.01.  Among these sites are positions 9, 89, 244, 294, 302, 402, 403, 445, and 463. 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Table 15. Kentucky/Virginia Neuraminidase – Selective Pressures  Datamonkey results were performed without GARD analysis, as GARD did not detect any signs of recombination. Significance level for FEL and SLAC methods was set at 0.05 and 50 for REL analyses. ‘Select’ is short for selected, indicating that the method in question did or did not identify selective pressure acting at the codon position. If p‐values for Datamonkey results are below 0.10 they are included, otherwise they are labeled as ‘NA’, which is short for ‘Not Available’.  Some p‐values are included for sites where an analysis did not detect selective pressure if one or more of the other analyses did.    
 
 
 
Kentucky/Virginia NA     Due to the small size of the Kentucky/Virginia NA dataset (n = 12) all available methods should be applied, and a consensus approach used to detect selection pressures.  One site, 144, was identified by REL as being positively selected with a Bayes factor of 144.  None of the other methods had p‐values less than 0.10 
 
Positive Selection Type of Analysis SLAC ‐HyPhy  FEL ‐ HyPhy  REL ‐ Datamonkey  FEL ‐ Datamonkey  SLAC ‐ Datamonkey 
  Codon   Select  p‐value  Select  p‐value  Select  Bayes Factor  Select  p‐value  Select  p‐value 215  No  1.000  No  0.204  Yes  144  No  NA  No  NA 
Negative Selection Type of Analysis SLAC ‐HyPhy  FEL ‐ HyPhy  REL ‐ Datamonkey  FEL ‐ Datamonkey  SLAC ‐ Datamonkey 
 Codon 
Select  p‐value  Select  p‐value  Select  Bayes Factor  Select  p‐value  Select  p‐value 393  No  0.623  Yes  0.034  No  NA  Yes  0.034  No  NA 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for this site; because of this it is difficult to discern if this site is, in reality, undergoing positive selection. Only one site was identified from the Kentucky/Virginia NA dataset as being affected by negative selection.  This position, 393, had a FEL p‐value of 0.034. As was the case for the New York HA dataset, such a large number of sequences were available for the NA protein from isolates from New York that only one copy of identical sequences were included in the New York NA dataset.  The resulting dataset was still too large to be applied to the GARD, SLAC, REL, or FEL Datamonkey methods.  The SLAC and two rate FEL methods of HyPhy were performed on the data, but neither one detected any evidence of positively selected sites. 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Table 16­1. New York Neuraminidase – Negative Selection This dataset was too large to have GARD analyses performed on it, or any other analyses using Datamonkey.   The SLAC and two rate FEL analyses of HyPhy were applied to this dataset.  The significance level for the FEL and SLAC analyses is 0.05. ‘Selected’ indicates that the method in question did or did not identify selective pressure acting at the codon position.  Neither method detected any positively selected sites for this dataset.  
Negative Selection Type of Analysis SLAC ‐HyPhy  FEL – HyPhy  Codon  Selected  p‐value  Selected  p‐value 8  No  NA  Yes  0.0199495 9  No  NA  Yes  0.008725 14  No  NA  Yes  0.00396369 21  No  NA  Yes  0.0389775 31  No  NA  Yes  0.00204495 67  No  NA  Yes  0.0282671 72  No  NA  Yes  0.0405863 91  No  NA  Yes  0.0306315 94  No  NA  Yes  0.0017297 99  No  NA  Yes  0.0330589 105  No  NA  Yes  0.0189 107  No  NA  Yes  0.0121566 119  No  NA  Yes  0.00206831 120  No  NA  Yes  0.0325082 122  No  NA  Yes  0.0365677 124  No  NA  Yes  0.0388188 125  No  NA  Yes  0.000746079 135  No  NA  Yes  0.000245542 142  No  NA  Yes  0.00806619 145  No  NA  Yes  0.0390393 146  No  NA  Yes  0.0201782 152  No  NA  Yes  0.00618518 156  No  NA  Yes  0.00575205 157  No  NA  Yes  0.148309 162  No  NA  Yes  0.00449346 168  No  NA  Yes  0.0229044 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Table 16­2. New York Neuraminidase – Negative Selection 
Continued  This dataset was too large to have GARD analyses performed on it, or any other analyses using Datamonkey.   The SLAC and two rate FEL analyses of HyPhy were applied to this dataset.  The significance level for the FEL and SLAC analyses is 0.05. ‘Selected’ indicates that the method in question did or did not identify selective pressure acting at the codon position.  Neither method detected any positively selected sites for this dataset.  
Negative Selection Type of Analysis SLAC ‐HyPhy  FEL – HyPhy  Codon  Selected  p‐value  Selected  p‐value 170  No  NA  Yes  0.0234163 171  No  NA  Yes  0.040871 174  No  NA  Yes  0.0363257 175  No  NA  Yes  0.0375004 184  No  NA  Yes  0.00949514 195  No  NA  Yes  0.00068857 202  No  NA  Yes  0.0288655 203  No  NA  Yes  0.0253403 207  No  NA  Yes  0.0158496 209  No  NA  Yes  0.00797203 214  No  NA  Yes  0.00347065 224  No  NA  Yes  0.0217327 227  No  NA  Yes  0.00140859 228  No  NA  Yes  0.00558102 232  No  NA  Yes  0.025977 241  No  NA  Yes  0 244  No  NA  Yes  0.00217555 245  No  NA  Yes  0.0388026 252  No  NA  Yes  0.0290622 255  No  NA  Yes  0.0186965 272  No  NA  Yes  0.0060942 275  No  NA  Yes  0.0370585 277  No  NA  Yes  0.000356417 278  No  NA  Yes  0.0111319 280  No  NA  Yes  0.0294249 284  No  NA  Yes  0.0337258 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Table 16­3. New York Neuraminidase – Negative Selection 
Continued 
 This dataset was too large to have GARD analyses performed on it, or any other analyses using Datamonkey.   The SLAC and two rate FEL analyses of HyPhy were applied to this dataset.  The significance level for the FEL and SLAC analyses is 0.05. ‘Selected’ indicates that the method in question did or did not identify selective pressure acting at the codon position. Neither method detected any positively selected sites for this dataset.  
Negative Selection Type of Analysis SLAC ‐HyPhy  FEL – HyPhy  Codon  Selected  p‐value  Selected  p‐value 292  No  NA  Yes  0.0139191 294  No  NA  Yes  0.00764607 297  No  NA  Yes  0.00863232 302  No  NA  Yes  0.00237818 320  No  NA  Yes  0.0184461 339  No  NA  Yes  0.0336278 343  No  NA  Yes  0.0181622 350  No  NA  Yes  0.00254484 351  No  NA  Yes  0.00878261 353  No  NA  Yes  0.00953422 360  No  NA  Yes  0.0321044 363  No  NA  Yes  0.0185453 365  No  NA  Yes  0.0111471 369  No  NA  Yes  0.0188382 373  No  NA  Yes  0.020803 377  No  NA  Yes  0.0451848 378  No  NA  Yes  0.0137372 380  No  NA  Yes  0.0314704 382  No  NA  Yes  0.0328116 402  No  NA  Yes  0.00541757 408  No  NA  Yes  0.00132825 411  No  NA  Yes  0.0461727 417  No  NA  Yes  0.0390302 425  No  NA  Yes  0.0243357 428  No  NA  Yes  0.025506 436  No  NA  Yes  0.000325209 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Table 16­4. New York Neuraminidase – Negative Selection 
Continued 
 This dataset was too large to have GARD analyses performed on it, or any other analyses using Datamonkey.   The SLAC and two rate FEL analyses of HyPhy were applied to this dataset.  The significance level for the FEL and SLAC analyses is 0.05. ‘Selected’ indicates that the method in question did or did not identify selective pressure acting at the codon position. Neither method detected any positively selected sites for this dataset.  
Negative Selection Type of Analysis SLAC ‐HyPhy  FEL – HyPhy  Codon  Selected  p‐value  Selected  p‐value 449  No  NA  Yes  0.0408964 450  No  NA  Yes  0.0390648 461  No  NA  Yes  0.00802735 463  No  NA  Yes  0.0164918 467  No  NA  Yes  0 469  No  NA  Yes  0.019949   
New York NA Despite the large dataset, n = 293, no sites were identified as being positively selected for the New York NA dataset. The largest number of negatively selected sites among the NA datasets were found for the New York dataset (Tables 16‐1 through 16‐4).   Again, we see that the conservative nature of SLAC prevented it from supporting these designations made by FEL analysis.  Of those positions identified, the most significant were 9, 14, 31, 94, 119, 125, 135, 152, 156, 162, 184, 195, 209, 214, 227, 228, 244, 272, 277, 294, 297, 302, 350, 351, 353, 402, 408, 436, 461, and 467.  A considerable number of other sites also had strong significance with p‐values less than 0.03, and 0.05. 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iii. The Matrix Proteins M1 and M2 For all of the M1 and M2 datasets, at least one of the most appropriate methods based on dataset size was applied.  In some cases, additional HyPhy/Datamonkey methods were also employed.  The significance level for all SLAC and FEL methods was set at 0.05, and for REL, it was set at 50. 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Table 17­1. New York M1 – Selective Pressures 
 This dataset was too large to perform GARD analysis or any other methods through Datamonkey.  The SLAC and two rate FEL analyses shown below do not take recombination into account, although it is not expect in the internal M1 protein.  Neither analysis detected any positively selected sites.  The significance level for the FEL and SLAC analyses is 0.05. ‘Selected’ indicates that the method in question did or did not identify selective pressure acting at the codon position.  
Negative Selection Type of Analysis SLAC ‐HyPhy  FEL ‐ HyPhy  Codon  Selected  p‐value  Selected  p‐value 2  Yes  0.025974  Yes  3.70E‐07 5  No    Yes  0.00799872 23  No    Yes  0.00825354 29  No    Yes  0.0330806 31  No    Yes  0.0330853 51  No    Yes  0.00632668 56  No    Yes  0.0184172 58  No    Yes  0.0261044 59  No    Yes  0.0180175 85  No    Yes  0.00363303 88  No    Yes  0.00664317 97  No    Yes  0.0190868 98  No    Yes  0.034692 104  No    Yes  0.00734433 105  No    Yes  0.0241264 106  No    Yes  0.027272 125  No    Yes  0.0296906 132  No    Yes  0.044648 134  No    Yes  0.00609749 138  No    Yes  0.00961471 140  No    Yes  0.001655 152  No    Yes  0.00231556 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Table 17­2. New York M1 – Selective Pressures Continued 
 This dataset was too large to perform GARD analysis or any other methods through Datamonkey.  The SLAC and two rate FEL analyses shown below do not take recombination into account, although it is not expect in the internal M1 protein.  Neither analysis detected any positively selected sites.  The significance level for the FEL and SLAC analyses is 0.05. ‘Selected’ indicates that the method in question did or did not identify selective pressure acting at the codon position. 
 
Negative Selection Type of Analysis SLAC ‐HyPhy  FEL ‐ HyPhy  Codon  Selected  p‐value  Selected  p‐value 161  No    Yes  0.0292457 162  No    Yes  0.0295815 163  No    Yes  0.02415 170  No    Yes  0.000169577 184  No    Yes  0.0183369 186  No    Yes  0.0178001 187  No    Yes  0.0290685 194  No    Yes  0.0306242 200  No    Yes  0.0258032 201  No    Yes  0.0270558 224  No    Yes  0.00135468 226  No    Yes  0.0131515 
 
1. Matrix Protein M1 
 
New York M1 
   The New York M1 dataset consisting of 455 sequences did contain duplicate sequences.  Despite the large size of this dataset, neither SLAC nor FEL, both appropriate methods for a dataset of this size, were able to detect any evidence of positive selection.  The n = 28 sequence Vietnam M1 dataset also had no sites identified by the SLAC, FEL, and REL methods of Datamonkey as being positively selected.   A total of 12 codon positions were identified within the New York M1 dataset 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as being negatively selected.  These were all found using FEL analysis; SLAC was unable to significantly identify any of these sites.   While all of these sites, except one had FEL p‐values less than 0.04, the most significant with p‐values less than 0.01 were sites 2, 5, 51, 85, 88, 104, 134, 138, 140, 152, 170 and 224.  See Table 17‐1 and 17‐2 for full details. 
 
Table 18. Australia M1 – Selective Pressures  These analyses were performed using Datamonkey after all duplicate sequences were removed.  GARD analysis found no evidence of recombination in this dataset.  The significance level for the FEL and SLAC analyses is 0.05, for REL it is 50.  ‘Selected’ indicates that the method in question did or did not identify selective pressure acting at the codon position. If p‐values for Datamonkey results are below 0.10 they are included, otherwise they are labeled as ‘NA’, which is short for ‘Not Available’.   
 
 
Positive Selection Type of Analysis SLAC ‐Datamonkey  FEL ‐ Datamonkey  REL ‐ Datamonkey  Codon   Selected  p‐value  Selected  p‐value  Selected  Bayes Factor 64  No  NA  No  NA  Yes  50.8566 174  No  NA  No  NA  Yes  1133.18 211  No  NA  No  NA  Yes  50.6761 218  No  NA  No  NA  Yes  1464.11 
 
Negative Selection Type of Analysis SLAC ‐Datamonkey  FEL ‐ Datamonkey  REL ‐ Datamonkey  Codon  Selected  p‐value  Selected  p‐value  Selected  Bayes Factor 23  Yes  0.029617  Yes  0.00523528  No  NA 61  No  NA  Yes  0.0211034  No  NA 88  No  NA  Yes  0.02326  No  NA 187  Yes  0.0299851  Yes  0.00591777  No  NA 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Australia M1 
  For the relatively large Australia M1 dataset (n = 58), SLAC or FEL analyses would be expected to return the most accurate results.  However, only REL was able to identify four codon positions as being positively selected.  Half of these positions have strong significance levels (position 174 Bayes factor = 1133.18, position 218 Bayes factor = 1464.11) and may actually be under selective pressure, but it is questionable if the other half really is (position 64 Bayes factor = 50.86, position 211 Bayes factor = 50.68). 
  Of the four sites recognized as being negatively selected in the Australia M1 dataset, two were identified by FEL and two were identified by both FEL and SLAC (see Table 18).  The most significant sites, which were classified by both methods, were positions 23 and 187.  The two sites only selected by FEL were 61 and 88.  These still has strong p‐values of 0.021 and 0.023, respectively. 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Table 19. Denmark M1 – Selective Pressures 
 These analyses were performed using Datamonkey.  GARD analysis found no evidence of recombination in this dataset. The significance level for the FEL and SLAC analyses is 0.05, for REL it is 50.  ‘Selected’ indicates that the method in question did or did not identify selective pressure acting at the codon position. If p‐values for Datamonkey results are below 0.10 they are included, otherwise they are labeled as ‘NA’, which is short for ‘Not Available’.   
 
 
Positive Selection Type of Analysis SLAC ‐Datamonkey  FEL ‐ Datamonkey  REL ‐ Datamonkey   Codon   Selected  p‐value  Selected  p‐value  Selected  Bayes Factor 174  No  NA  No  NA  Yes  107.633 207  No  NA  No  NA  Yes  77.0256 208  No  NA  No  NA  Yes  261.38 211  No  NA  No  NA  Yes  150510 218  No  NA  No  NA  Yes  48484.2 219  No  NA  No  NA  Yes  4.97E+07 
 
Negative Selection Type of Analysis SLAC ‐ Datamonkey  FEL ‐ Datamonkey  REL ‐ Datamonkey  Codon  Selected  p‐value  Selected  p‐value  Selected  Bayes Factor 23  No  NA  Yes  0.0267307  No  NA 88  Yes  0.037406  Yes  0.00452458  No  NA 134  No  NA  Yes  0.0110975  No  NA 152  No  NA  Yes  0.0229361  No  NA 156  No  NA  Yes  0.0268333  No  NA 170  No  NA  Yes  0.0214458  No  NA 
 
 
Denmark M1 
  Only REL analysis was able to return any positively selected sites for the Denmark M1 dataset (n = 17).  This is probably due to the ability of this method to pool information across sites.  Sites 174 and 207 were significantly selected with Bayes factor values of 107 and 77 respectively.  Sites 208, 211, 218, and 219 were 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‘decisively’ selected with Bayes factor values all over 200.  However, neither SLAC nor FEL methods returned even remotely significant values for these positions.   For the Denmark M1 dataset, SLAC and FEL analyses agreed upon the classification of position 88 as being negatively selected.  Other sites identified only by FEL analysis as such were 23, 134, 152, 156, and 170 (see Table 19). 
 
Table 20. Kentucky/ Virginia M1 – Selective Pressures 
 These analyses were performed using Datamonkey.  GARD analysis found no evidence of recombination in this dataset.  SLAC analysis did not find any positively or negatively selected sites. The significance level for the FEL and SLAC analyses is 0.05, for REL it is 50.  ‘Selected’ indicates that the method in question did or did not identify selective pressure acting at the codon position. If p‐values for Datamonkey results are below 0.10 they are included, otherwise they are labeled as ‘NA’, which is short for ‘Not Available’.   
 
Positive Selection Type of Analysis SLAC ‐Datamonkey  FEL ‐ Datamonkey  REL ‐ Datamonkey   Codon   Select  p‐value  Select  p‐value  Select  Bayes Factor 174  No  NA  No  NA  Yes  1.68E+06 211  No  NA  No  NA  Yes  1403.72 219  No  NA  No  NA  Yes  655.954 
 
Negative Selection Type of Analysis SLAC ‐ Datamonkey  FEL ‐ Datamonkey  REL ‐ Datamonkey  Codon  Select  p‐value  Select  p‐value  Select  Bayes Factor 224  No  NA  Yes  0.0274955  No  NA 
 
 
Kentucky/Virginia M1   The Kentucky/Virginia M1 dataset only consisted of 5 sequences after duplicate sequences were removed by Datamonkey (see Table 20).  Although Datamonkey allows datasets as small as 3 sequences to be analyzed, this dataset 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may still be too small to extract very much biologically relevant data.  Despite this consideration, REL analysis was able to identify three positions as decisively positively selected (Bayes factor greater than 200).  These were codon positions 174, 211, and 219.   The only site considered to be negatively selected in the Kentucky/Virginia M1 dataset was position 224.  This was given a statistical significance of p‐value = 0.027 by the FEL analysis through Datamonkey.  Neither SLAC nor REL analyses agreed with this designation (see Table 20). 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Table 21. Vietnam M1 – Selective Pressures 
 These analyses were performed using Datamonkey.  GARD analysis found no evidence of recombination in this dataset.  SLAC analysis did not find any positively or negatively selected sites. None of the analyses returned any positively selected sites. The significance level for the FEL and SLAC analyses is 0.05, for REL it is 50.  ‘Selected’ indicates that the method in question did or did not identify selective pressure acting at the codon position. If p‐values for Datamonkey results are below 0.10 they are included, otherwise they are labeled as ‘NA’, which is short for ‘Not Available’.   
 
 
Positive Selection Type of Analysis SLAC ‐Datamonkey  FEL ‐ Datamonkey  REL ‐ Datamonkey   Codon   Select  p‐value  Select  p‐value  Select  Bayes Factor NONE  No  NA  No  NA  No  NA 
 
Negative Selection Type of Analysis SLAC ‐ Datamonkey  FEL ‐ Datamonkey  REL ‐ Datamonkey  Codon  Select  p‐value  Select  p‐value  Select  Bayes Factor 25  No  NA  No  NA  Yes  7.70E+08 40  No  NA  No  NA  Yes  1.62E+06 55  No  NA  No  NA  Yes  7.80E+08 61  No  NA  No  NA  Yes  7.69E+08 80  No  NA  Yes  0.0448493  Yes  9.40E+08 95  No  NA  No  NA  Yes  4.67E+06 101  No  NA  No  NA  Yes  11412.8 102  No  NA  No  NA  Yes  1.56E+06 134  No  NA  No  NA  Yes  1.58E+06 136  No  NA  No  NA  Yes  7.70E+08 138  No  NA  No  NA  Yes  1.31E+07 152  No  NA  No  NA  Yes  2.39E+06 161  No  NA  No  NA  Yes  9.46E+08 164  No  NA  No  NA  Yes  2.34E+06 172  No  NA  No  NA  Yes  1.15E+06 180  No  NA  Yes  0.0403159  Yes  9.46E+08 204  No  NA      Yes  1.61E+06 211  No  NA  No  0.0642118  Yes  7.24E+12 220  No  NA      Yes  7.70E+08 224  No  0.0967685  Yes  0.00724984  Yes  218471 245  No  NA  Yes  0.0238813  Yes  7.67E+17 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Vietnam M1 
  No sites in Vietnam M1 dataset were found to be positively selected; however, a considerable number of sites were categorized as being negatively selected (see Table 21).  Several of these were identified by two or more of the methods available through Datamonkey (SLAC, REL, and FEL).  These sites include 61, 180, 211, 224, and 245.  All additional sites were only identified by REL.    
 
2. Matrix Protein 2 
 
Table 22. New York M2 – Selective Pressures 
 Two rate FEL analyses did not detect any positively selected sites. SLAC analyses did not detect any positive or negatively selected sites.  An error in the program prevented any p‐values from the SLAC analyses from being included. The significance level for the FEL and SLAC analyses is 0.05.  ‘Selected’ indicates that the method in question did or did not identify selective pressure acting at the codon position 
 
Negative Selection Type of Analysis SLAC ‐HyPhy  FEL ‐ HyPhy  Codon  Selected  p‐value  Selected  p‐value 2  No  NA  Yes  0.000208159 5  No  NA  Yes  0.0301459 45  No  NA  Yes  0.0324134 65  No  NA  Yes  0.0233946 72  No  NA  Yes  0.0012248 74  No  NA  Yes  0.0185144 75  No  NA  Yes  0.0185303 
 
New York M2   No sites were returned as positively selected by the SLAC or FEL methods of HyPhy for the New York M2 dataset (n = 455).  From the New York M2 dataset, FEL produced seven sites with strong statistical evidence of being negatively selected (p‐values < 0.033).  These sites included positions 5, 45, 65, 72, 74, and 75. 
  88 
 
Table 23. Australia M2 – Selective Pressures 
 These analyses were performed using Datamonkey after all duplicate sequences were removed.  GARD analysis found no evidence of recombination in this dataset.  SLAC analysis did not detect any positively or negatively selected sites.  None of the analyses detected any positively selected sites. The significance level for the FEL and SLAC analyses is 0.05, for REL it is 50.  ‘Selected’ indicates that the method in question did or did not identify selective pressure acting at the codon position. If p‐values for Datamonkey results are below 0.10 they are included, otherwise they are labeled as ‘NA’, which is short for ‘Not Available’.   
 
Positive Selection Type of Analysis SLAC ‐Datamonkey  FEL ‐ Datamonkey  REL ‐ Datamonkey   Codon   Selected  p‐value  Select  p‐value  Selected  Bayes Factor NONE  No  NA  No  NA  No  NA 
 
Negative Selection Type of Analysis SLAC ‐ Datamonkey  FEL ‐ Datamonkey  REL ‐ Datamonkey  Codon  Selected  p‐value  Selected  p‐value  Selected  Bayes Factor 62  No  NA  Yes  0.0208983  No  NA 96  No  NA  No  NA  Yes  60.0158 
 
 
Australia M2 
  No sites were categorized as being positively selected by the SLAC, FEL, or REL methods of Datamonkey for the Australia (n = 58) dataset.   Only sites 62 and 96 were found to be under negative selection in the Australia M2 dataset.  FEL identified the first (p‐value = 0.021), and REL identified the second (Bayes factor = 60). 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Table 24. Denmark M2 – Selective Pressures 
 These analyses were performed using Datamonkey.  GARD analysis found no evidence of recombination in this dataset. None of the methods found any evidence of positively or negatively selected sites.  SLAC analyses did not find any sites that were negatively selected.  For the REL analysis, no sites with dN>dS were inferred for this dataset, suggesting that all sites are under purifying selection. The significance level for the FEL and SLAC analyses is 0.05, for REL it is 50.  ‘Selected’ indicates that the method in question did or did not identify selective pressure acting at the codon position. If p‐values for Datamonkey results are below 0.10 they are included, otherwise they are labeled as ‘NA’, which is short for ‘Not Available’.  
Positive Selection Type of Analysis SLAC ‐Datamonkey  FEL ‐ Datamonkey  REL ‐ Datamonkey   Codon   Select  p‐value  Select  p‐value  Select  Bayes Factor NONE  No  NA  No  NA  No  NA 
 
Negative Selection Type of Analysis SLAC ‐ Datamonkey  FEL ‐ Datamonkey  REL ‐ Datamonkey  Codon  Select  p‐value  Select  p‐value  Select  Bayes Factor 61  No  NA  Yes  0.0293468  Yes  NA 
 
 
Denmark M2   No sites were categorized as being positively selected by the SLAC, FEL, or REL methods of Datamonkey for the Denmark M2 (n = 17) dataset.   Position 61 was the only site from the Denmark M2 dataset recognized as being negatively selected.  This was identified by the FEL analysis through Datamonkey with a p‐value of 0.029 (see Table 24). 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Table 25. Kentucky/Virginia M2 – Selective Pressures 
 These analyses were performed using Datamonkey.  GARD analysis found no evidence of recombination in this dataset.  SLAC and FEL analyses did not find any positively or negatively selected sites. REL analysis did not find any sites with dN>dS for this dataset, suggesting that all sites are under purifying selection.  REL did not detect any positively selected sites.  However, this dataset only consisted of three sequences once duplicate sequences were removed indicating it is probably too small to produce accurate results. The significance level for the FEL and SLAC analyses is 0.05, for REL it is 50.  ‘Selected’ indicates that the method in question did or did not identify selective pressure acting at the codon position. If p‐values for Datamonkey results are below 0.10 they are included, otherwise they are labeled as ‘NA’, which is short for ‘Not Available’. 
 
 
Positive Selection Type of Analysis SLAC ‐Datamonkey  FEL ‐ Datamonkey  REL ‐ Datamonkey   Codon   Select  p‐value  Select  p‐value  Select  Bayes Factor NONE  No  NA  No  NA  No  NA 
 
Negative Selection Type of Analysis SLAC ‐ Datamonkey  FEL ‐ Datamonkey  REL ‐ Datamonkey  Codon  Select  p‐value  Select  p‐value  Select  Bayes Factor All  No  NA  No  NA  Yes  NA 
 
 
Kentucky/Virginia M2   Similar to the Kentucky/Virginia M1 dataset, the Kentucky/Virginia M2 dataset was extremely small (n = 3). Though no sites were positively selected, and REL analysis suggested they are all under negative selection, it is important to keep in mind that any results for dataset of this size may not be reliable. 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Table 26. Vietnam M2 – Selective Pressures 
 These analyses were performed using Datamonkey.  GARD analysis found no evidence of recombination in this dataset. SLAC and FEL analyses did not find any positively or negatively selected sites.  REL analysis did not find any negatively selected sites. The significance level for the FEL and SLAC analyses is 0.05, for REL it is 50.  ‘Selected’ indicates that the method in question did or did not identify selective pressure acting at the codon position. If p‐values for Datamonkey results are below 0.10 they are included, otherwise they are labeled as ‘NA’, which is short for ‘Not Available’. 
 
 
Positive Selection Type of Analysis SLAC ‐Datamonkey  FEL ‐ Datamonkey  REL ‐ Datamonkey   Codon   Select  p‐value  Select  p‐value  Select  Bayes Factor 16  No  NA  No  NA  Yes  212.317 
 
Negative Selection Type of Analysis SLAC ‐ Datamonkey  FEL ‐ Datamonkey  REL ‐ Datamonkey  Codon  Select  p‐value  Select  p‐value  Select  Bayes Factor NONE  No  NA  No  NA  No  NA 
 
 
Vietnam M2 A single codon position, 16, was identified by REL analysis as being positively selected (Bayes factor = 212) in the Vietnam dataset.   No sites were categorized as being negatively selected by the SLAC, FEL, or REL methods of Datamonkey for the Vietnam M2 (n = 28) dataset (see Table 26). 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B. Pairwise Comparison of Selective Pressures The HyPhy method ‘CompareSelectivePressure.bf’ was applied to all possible pairs of geographic datasets for the HA, NA, and M1 proteins.  The intermembrane matrix protein M2 was excluded from these analyses because it did not provide a clear reference of an external (HA and NA) or internal (M1) protein.   Additionally, little evidence of any selective pressures present in this protein was returned by the initial individual analyses of selective pressures, as described above.  The results of these analyses are displayed in Tables 27‐41.  The authors of the HyPhy program suggest that a p‐value of 0.01 or less, and 100 sequences or more, are required to obtain significant results using the ‘CompareSectivePressure.bf’ batch file (Kosakovsky Pond et al., 2007).  While this may be the ideal situation, it seems that analyses performed herein have been able to produce significant and interesting results nonetheless.  When using a p‐value cutoff of 0.05, several sites are identified as differentially selected between the five geographic datasets presented here. 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i. Hemagglutinin 
 
Table 27­1. Australia HA – Comparison of Selective Pressures 
 This table shows the comparison of selective pressures within the Australia HA dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance level was set at p‐value < 0.05.  P‐values less than 0.10 are included when comparison with another geographic dataset showed a strong significance (p‐value < 0.05) for the site.   
Australia Codon Position  New York  Denmark  Vietnam  Kentucky/ Virginia 7    0.0572218     12  0.08991  0.08991     48  0.0896485  0.0896485     70    0.0931903     72    0.0747476     95 (79)    0.0406414    0.0528284 97  0.0896485       98    0.0877285     119 (103)  0.0325286       160    0.0661953     162 (146)    0.0507815  0.0432174   165  0.0963047    0.0845015   173      0.0793388   198 (182)  0.0953837  0.0493033     202    0.0678002     203 (187)        0.0231236 230  0.0536849  0.0926859     234        0.0882112 235 (219)    0.0138438     237    0.0648393     241    0.0878629     249  0.0853757      0.0983895 263      0.084933   291 (275)  0.0847761  0.0168093 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Table 27­2. Australia HA – Comparison of Selective Pressures 
Continued 
 This table shows the comparison of selective pressures within the Australia HA dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance level was set at p‐value < 0.05.  P‐values less than 0.10 are included when comparison with another geographic dataset showed a strong significance (p‐value < 0.05) for the site.  
 
Australia Codon Position  New York  Denmark  Vietnam  Kentucky/ Virginia 305    0.0936667     312  0.0896238      0.0512121 325  0.0872945      0.04979 329      0.0927792   330      0.0407399   339        0.0512121 374 (29)  0.0455244       383        0.0391035 395 (50)  0.0186681      0.0479024 402  0.0917442       406 (61)  0.0271794       466        0.0896651 492 (147)  0.0344665       546  0.082492  0.0835743     551 (206)  0.0458116 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Australia HA 
  The sites that had the greatest statistical support (p‐value < 0.05) for the presence of different selective pressures between the Australia HA dataset and the other HA datasets were 95 (Denmark and Kentucky/Virginia), 119 (New York), 162 (Vietnam and Denmark), 198 (Denmark and less significantly New York), 203 (Kentucky/Virginia), 235 (Denmark), 291 (Denmark and less significantly New York), 325 (Kentucky/Virginia and less significantly New York), 330 (Vietnam), 374 (New York), 383 (Kentucky/Virginia), 395 (Kentucky/Virginia and New York), 406 (New York), 492 (New York), and 551 (New York).  Of these sites 235 (Denmark), 291 (Denmark) and 395 (New York) had p‐values less than 0.02. See Tables 27.1 and 27.2 for full details. 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Table 28­1. Denmark HA – Comparison of Selective Pressures 
 This table shows the comparison of selective pressures within the Denmark HA dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance level was set at p‐value < 0.05.  P‐values less than 0.10 are included when comparison with another geographic dataset showed a strong significance (p‐value < 0.05) for the site.  
 
 
 
Denmark Codon Position  New York  Kentucky/ Virginia  Vietnam  Australia 7        0.0572218 13      0.0363673   19  0.0196497       35  0.096504       47  0.0494641       50  0.0952601       70        0.0931903 72    0.0665403    0.0747476 79  0.0952074       95  0.0953262      0.0406414 97  0.0953262       98  0.094873      0.0877285 122  0.023946       160  0.0946671      0.0661953 162        0.0507815 183  0.0616141       198        0.0493033 202        0.0678002 203    0.0226368     214    0.0868307     229  0.0512126       230        0.0926859 234      0.0784932   235        0.0138438 237        0.0648393 241    0.0921115    0.0878629 245  0.0627187       263      0.0828641 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Table 28­2. Denmark HA – Comparison of Selective Pressures 
Continued 
 This table shows the comparison of selective pressures within the Denmark HA dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance level was set at p‐value < 0.05.  P‐values less than 0.10 are included when comparison with another geographic dataset showed a strong significance (p‐value < 0.05) for the site.  
 
 
 
   
 
 
   
Denmark Codon Position  New York  Kentucky/ Virginia  Vietnam  Australia 290    0.0996941     291    0.0466129    0.0168093 305  0.0947365      0.0936667 312  0.0950961       325    0.0941327     329      0.0896666   330      0.0157137   339    0.0899388     443  0.0959557       446 (101)  0.0497796  0.0965186     505 (160)  0.0249795       525  0.0947347       532 (187)  0.0497413       542  0.0952491       546 (201)    0.0167254    0.0835743 566  0.094317 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Denmark HA 
  Differentially selected sites found between with the Demark HA dataset and the other HA datasets with p‐values < 0.05 included 13 (Vietnam), 19 (New York), 47 (New York), 95 (Australia and less significantly New York), 122 (New York), 198 (Australia), 203 (Kentucky/Virginia), 235 (Australia), 291 (Kentucky/Virginia and Australia), 330 (Vietnam), 446 (New York and less significantly Kentucky/Virginia), 505 (New York), 532 (New York), and 546 (Kentucky/Virginia and less significantly Australia).  Of these sites, five had p‐values less than 0.02. The strongest statistical support for different selective pressures was found at position 546 with a p‐value less than 0.017 for Kentucky/Virginia (see Table 28‐2). 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Table 29. Kentucky/Virginia HA – Comparison of Selective 
Pressures 
 This table shows the comparison of selective pressures within the Kentucky/Virginia HA dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance level was set at p‐value < 0.05.  P‐values less than 0.10 are included when comparison with another geographic dataset showed a strong significance (p‐value < 0.05) for the site.  
 
 
 
Kentucky/Virginia HA 
  Sites differentially selected between the Kentucky/Virginia HA dataset and the other HA datasets, with p‐values less than 0.05, were 173 (Vietnam), 203 (New 
Kentucky/Virginia Codon Position  New York  Denmark  Vietnam  Australia 61  0.0646573       72    0.0665403     95        0.0528284 119  0.0910465       173      0.0404815   203  0.0461581  0.0226368    0.0231236 209  0.0743727       214    0.0868307     241    0.0921115     245  0.06209       249        0.0983895 290    0.0996941     291    0.0466129     318  0.0560066       325    0.0941327    0.04979 330      0.0386938   339  0.0336649  0.0899388    0.0512121 383 (38)        0.0479024 395        0.0896651 466    0.0965186     546 (201)  0.0164933  0.0167254 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York, Denmark, and Australia), 291 (Denmark), 330 (Vietnam), 339 (New York), 383 (Australia), and 546 (New York and Denmark).  The strongest statistical support for different selective pressures was found at position 546 with p‐values less than 0.017 for both New York and Denmark (see Table 29). 
 
 
Table 30. Vietnam HA – Comparison of Selective Pressures 
 This table shows the comparison of selective pressures within the Vietnam HA dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance level was set at p‐value < 0.05.  P‐values less than 0.10 are included when comparison with another geographic dataset showed a strong significance (p‐value < 0.05) for the site.  
 
 
Vietnam Codon Position  New York  Kentucky/ Virginia  Denmark  Australia 13      0.0363673   162        0.0432174 165        0.0845015 173        0.0793388 206  0.0789996       234  0.079522    0.0784932  0.0882112 277  0.0616373       291      0.045258   329  0.046603    0.0896666  0.0927792 330  0.0471521    0.0157137  0.0407399 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Vietnam HA 
  Comparison of selective pressures between the Vietnam HA dataset and the other HA datasets returned the following positions with p‐values less than 0.05: 13 (Denmark), 162 (Australia), 291 (Denmark), 329 (New York and less significantly Denmark and Australia), and 330 (New York, Denmark, and Australia).  Position 330 had the strongest statistical significance of all these sites when it was compared for the Denmark HA dataset (p‐value = 0.0157). 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Table 31­1. New York HA – Comparison of Selective Pressures 
 This table shows the comparison of selective pressures within the New York HA dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance level was set at p‐value < 0.05.  P‐values less than 0.10 are included when comparison with another geographic dataset showed a strong significance (p‐value < 0.05) for the site.  
 
 
New York 
Codon 
Position 
Denmark  Kentucky/ 
Virginia 
Vietnam  Australia 
12        0.08991 
19  0.0196497       
35  0.096504       
47  0.0494641       
48        0.0896485 
50  0.0952601       
61    0.0646573     
79  0.0952074       
95  0.0953262       
97  0.0953262      0.0896485 
98  0.094873       
119    0.0910465    0.0325286 
122  0.023946       
160  0.023946       
162  0.0946671       
165        0.0963047 
183  0.0616141       
198        0.0953837 
203    0.0461581     
206      0.0789996   
209    0.0743727     
229  0.0512126       
230        0.0536849 
234      0.079522   
245  0.0627187  0.06209     
249        0.0853757 
277      0.0616373   
291        0.0847761 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Table 31­2. New York HA – Comparison of Selective Pressures 
Continued 
 This table shows the comparison of selective pressures within the New York HA dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance level was set at p‐value < 0.05.  P‐values less than 0.10 are included when comparison with another geographic dataset showed a strong significance (p‐value < 0.05) for the site.  
 
 
 
 
 
 
 
New York Codon Position  Denmark  Kentucky/ Virginia  Vietnam  Australia 305  0.0947365       312  0.0950961      0.0896238 318    0.0560066     325        0.0872945 329      0.046603   330      0.0471521   339    0.0336649     374 (29)        0.0455244 395 (50)        0.0186681 402        0.0917442 406 (61)        0.0271794 443  0.0959557       446  0.0497796       492 (147)        0.0344665 505 (160)  0.0249795       525  0.0947347       532  0.0497413       542  0.0952491       546 (201)    0.0164933    0.082492 551 (206)        0.0458116 566  0.094317 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New York HA 
  Comparing the selective pressures acting on the New York HA dataset with the other HA datasets yielded many sites which had different selective pressures acting on them.  Those with p‐values less than 0.05 included 19 (Denmark), 47 (Denmark), 119 (Australia and less significantly Kentucky/Virginia), 122 (Denmark), 160 (Denmark), 203 (Kentucky/Virginia), 329 (Vietnam), 330 (Vietnam), 339 (Kentucky/Virginia), 395 (Australia), 406 (Australia), 446 (Denmark), 505 (Denmark), 532 (Denmark), 546 (Kentucky/Virginia), and 551 (Australia). Of these sites, three had p‐values less than 0.02; they were 19 (Denmark), 395 (Australia), and 546 (Kentucky/Virginia). 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ii. Neuraminidase  
 
Table 32. Australia NA – Comparison of Selective Pressures 
 This table shows the comparison of selective pressures within the Australia NA dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance level was set at p‐value < 0.05.  P‐values less than 0.10 are included when comparison with another geographic dataset showed a strong significance (p‐value < 0.05) for the site.  
 
Australia Codon Position  New York  Denmark  Vietnam  Kentucky/ Virginia 4  0.0575254      0.0448746 5  0.0586537       11  0.0946487       16  0.066165       26    0.0830567    0.0817179 27  0.0445816  0.086898     71  0.0948864       72      0.0934582   83    0.0877756     143  0.0564946       215  0.0321042  0.0918499  0.0935937  0.0431215 249    0.0990666     370      0.0898103   386    0.0506086     387        0.069142 403    0.0109253  0.0499675   416    0.099645     434        0.080959 
 
 
Australia NA 
  Significant differences in selective pressures (p‐value < 0.05) were seen between the Australia NA dataset and the other NA datasets at positions 4 (Kentucky/Virginia and less significantly New York), 27 (New York and less 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significantly Denmark), 215 (New York, Kentucky/Virginia, and less significantly Denmark and Australia), and 403 (Denmark and Vietnam). The most significant of these positions was 403 when compared to Denmark (p‐value = 0.0109). 
 
Table 33. New York NA – Comparison of Selective Pressures 
 This table shows the comparison of selective pressures within the New York NA dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance level was set at p‐value < 0.05.  P‐values less than 0.10 are included when comparison with another geographic dataset showed a strong significance (p‐value < 0.05) for the site.  
 
New York Codon Position  Vietnam  Australia  Denmark  Kentucky/ Virginia 4    0.0575254     5    0.0586537     11    0.0946487     16    0.066165     27    0.0445816     45      0.0332104   71    0.0948864    0.0907795 72  0.050613       83      0.0956218   94      0.0246169   124  0.0581844       143    0.0564946     212    0.0919452     215    0.0321042     219      0.050644   260      0.0953329   311      0.096387   328      0.0956697   370      0.0843636   386      0.031389   398      0.0954571   404  0.0527859       416      0.0492562   436  0.0162653       
  107 
New York NA 
  When selective pressures were compared between the New York dataset and the other NA datasets, significant differences (p‐value < 0.05) were seen at positions 27 (Australia), 45 (Denmark), 94 (Denmark), 215 (Australia), 386 (Denmark), 416 (Denmark), and most significantly 436 (Vietnam, p‐value 0.016).   
 
 
Table 34. Vietnam NA – Comparison of Selective Pressures 
 This table shows the comparison of selective pressures within the Vietnam NA dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance level was set at p‐value < 0.05.  P‐values less than 0.10 are included when comparison with another geographic dataset showed a strong significance (p‐value < 0.05) for the site.  
 
Vietnam Codon Position  New York  Denmark  Australia  Kentucky/ Virginia 68    0.0853563     72  0.050613  0.0955321  0.0934582   102    0.085631     124  0.0581844       194    0.099872     212  0.0919452       215      0.0935937   317    0.0931017     370  0.0843636    0.0898103   408    0.0925912     403      0.0499675   404  0.0527859       436  0.0162653  0.0500694    0.0853817 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Vietnam NA 
  Few positions were significantly differentially selected between the Vietnam NA dataset and the other NA datasets.  Of the two that were, position 403 was differentially selected for the Australia dataset only. The other position, 436, was differential selected between this dataset and the New York (p‐value 0.0162), Denmark (0.0501), and Kentucky/Virginia (0.0854) datasets (see Table 34). 
 
Table 35. Kentucky/Virginia NA–Comparison of Selective 
Pressures 
 This table shows the comparison of selective pressures within the Kentucky/Virginia NA dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance level was set at p‐value < 0.05.  P‐values less than 0.10 are included when comparison with another geographic dataset showed a strong significance (p‐value < 0.05) for the site.  
 
Kentucky/ Virginia Codon Position  New York  Denmark  Vietnam  Australia 4        0.0448746 26        0.0817179 45    0.0944629     71  0.0907795       215        0.0431215 387        0.069142 434    0.042094    0.080959 436      0.0853817 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Kentucky/Virginia  
  Three sites had a p‐value < 0.05 supporting evidence of different selective pressures between the Kentucky/Virginia NA dataset and the other NA datasets.  These sites were positions 4 (Australia), 215 (Australia), and 434 (Denmark).   None of these sites had p‐values less than 0.02. 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Table 36.  Denmark NA – Comparison of Selective Pressures This table shows the comparison of selective pressures within the Kentucky/Virginia NA dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance level was set at p‐value < 0.05.  P‐values less than 0.10 are included when comparison with another geographic dataset showed a strong significance (p‐value < 0.05) for the site.  
 
 
 
 
 
Denmark Codon Position  New York  Kentucky/ Virginia   Vietnam  Australia 26        0.0830567 27        0.086898 45  0.0332104  0.0944629     68      0.0853563   72      0.0955321   83  0.0956218      0.0877756 94  0.0246169       102      0.085631   194      0.099872   215        0.0918499 219  0.050644       249        0.0990666 260  0.0953329       311  0.096387       317      0.0931017   328  0.0956697       370  0.0843636       386  0.031389      0.0506086 398  0.0954571       403        0.0109253 408      0.0925912   416  0.0492562      0.099645 434    0.042094     436      0.0500694 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Denmark NA   A number of sites were found to be significantly differentially selected (p‐value < 0.05) between the Denmark NA dataset and other NA datasets.  These included sites 94 (New York), 386 (New York and Australia), 403 (Australia), and 434 (Kentucky/Virginia). 
 
iii. Matrix Protein M1 
  Very few differences were detected in the selective pressures acting on the M1 proteins of the different datasets.  In fact, the only dataset which showed any signs of different selective pressures between it and the other datasets was Vietnam.  See Table 41 for details. 
 
Table 37. Australia M1 ­ Comparison of Selective Pressures 
 This table shows the comparison of selective pressures within the Australia M1 dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance suggested for this analysis by its authors is a p‐value <= 0.01.  Sites with p‐values < 0.05 detected by other analyses of this kind were considered for further discussion.  For this dataset the only sites with p‐values less than 0.10 were identified in a comparison of the Australia vs. Vietnam datasets.  No sites were found to have significantly different selective pressures between the Australian vs. Kentucky/ Virginia, Australia vs. New York, or the Australia vs. Denmark datasets.    
Australia Codon Position  New York  Denmark  Vietnam  Kentucky/ Virginia 
59      0.0970227   
138      0.0954705 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Table 38. Denmark M1 ­ Comparison of Selective Pressures 
 This table shows the comparison of selective pressures within the Denmark M1 dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance suggested for this analysis by its authors is a p‐value <= 0.01.  Sites with p‐values < 0.05 detected by other analyses of this kind were considered for further discussion.  For this dataset the only sites with p‐values less than 0.10 were identified in a comparison of the Denmark vs. Vietnam datasets.  No sites were found to have significantly different selective pressures between the Denmark vs. Kentucky/ Virginia, Denmark vs. Australia, or the Denmark vs. New York datasets.  
Denmark Codon Position  New York  Vietnam  Australia  Kentucky/ Virginia 59    0.0957903     211    0.0803619     
 
 
 
Table 39. New York M1 ­ Comparison of Selective Pressures 
 This table shows the comparison of selective pressures within the New York M1 dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance suggested for this analysis by its authors is a p‐value <= 0.01.  Sites with p‐values < 0.05 detected by other analyses of this kind were considered for further discussion.  For this dataset the only sites with p‐values less than 0.10 were identified in a comparison of the New York vs. Vietnam datasets.  No sites were found to have significantly different selective pressures between the New York vs. Kentucky/ Virginia, New York vs. Australia, or the New York vs. Denmark datasets. 
 
New York Codon Position  Vietnam  Denmark  Australia  Kentucky/ Virginia 
59  0.0598229       
99  0.0971141       
104  0.0946657       
211  0.00807684 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Table 40. Kentucky/Virginia M1 ­ Comparison of Selective 
Pressures 
 This table shows the comparison of selective pressures within the Kentucky/Virginia M1 dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance suggested for this analysis by its authors is a p‐value <= 0.01.  Sites with p‐values < 0.05 detected by other analyses of this kind were considered for further discussion.   No sites were found to have significantly different selective pressures between the Kentucky/Virginia dataset and any of the other geographic datasets.   
Kentucky/Virginia Codon Position  Vietnam  Denmark  Australia  New York 
NONE  NA  NA  NA  NA   
Table 41. Vietnam M1 ­ Comparison of Selective Pressures 
 This table shows the comparison of selective pressures within the Vietnam M1 dataset compared to each of the other geographic datasets.  These pairwise comparisons of site‐by‐site dN/dS ratios were performed the using the ‘CompareSelectivePressure.bf’ batch file within HyPhy.  The results for this analysis detect amino acid positions within a gene under significantly different selective pressures between two different populations.  The significance suggested for this analysis by its authors is a p‐value <= 0.01.  Sites with p‐values < 0.05 detected by other analyses of this kind were considered for further discussion.  For this dataset the only sites with p‐values less than 0.10  were identified in a comparison of the New York vs. Vietnam datasets.  No sites were found to have significantly different selective pressures between the Vietnam vs. Kentucky/ Virginia datasets. 
 
Vietnam Codon Position  New York  Denmark  Australia  Kentucky/ Virginia 
59  0.0598229  0.0957903     
99  0.0971141    0.0970227   
104  0.0946657    0.0954705   
211  0.00807684  0.0803619     
 
  114 
IV. Discussion 
  While much research has focused on the amino acid positions involved in interaction with host systems and antiviral medications, little work has looked at the molecular basis of influenza adaptation to different climates.  A common method used to look at the former of these two functional areas was the use of estimating dN/dS rations to identify positions that are experiencing selective pressures.  This same type of analysis has been applied here on distinct geographic datasets in the hopes of identify amino acid positions, which could be involved in the adaptation of the influenza virus to different climates.   The results of a number of analyses used to test for these selective pressures, as presented here, identified incidences of divergent selective pressures acting on distinct geographic datasets of influenza A viruses.   This evidence of discrete selective pressures acting on different populations of these viruses tells us that, despite the considerable amount of global circulation of viral strains, local populations are still contained enough to be affected by the environmental conditions found there.  These are complex details not captured by phylogenetic studies alone.  While we see that in many cases the sites shown to be under the influence of selective pressures have previously been identified as epitopes, this is not always the case.  It is these uniquely classified positions that we look to as possible candidates for the molecular basis of viral response to diverse environments. 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A. Recombination and Synonymous Rate Variation   While the interest of these analyses was adaptive evolution, when considering the influenza virus, the influences of recombination cannot be overlooked.  Recombination events are an earmark of influenza evolution, and have often been identified as the primary driving force behind genetic variation in this virus (Bragstad et al., 2008; Holmes et al., 2005; Nelson et al., 2006; Nelson et al., 2007).  A number of reassortment events have been identified in the recent past, specifically for the HA protein.  Significantly, one major reassortment event has been identified which likely led to the creation of the A/Fujian/411/2002‐like influenza strains that resulted in epidemics during the 2002‐2003 influenza season (Bragstad et al., 2008; Holmes et al., 2005; Nelson et al., 2006; Nelson et al., 2007).    In an attempt to take these recombination events into consideration, GARD analyses were applied to all datasets possible (maximum sequence load = 50).  Looking at Table 1. Vietnam Hemagglutinin – GARD vs. No GARD, we see the effect of taking recombination into account when estimating dN/dS to identify amino acid sites under selective pressure.  Overall, more positively and negatively selected sites were able to be identified once recombination was considered, allowing different parts of the alignment to evolve along separate phylogenetic trees.  In this way, variation in dN/dS was considered independently for each non‐recombinant fragment.  Ultimately, three additional positively selected sites, and five new negatively selected sites were detected after GARD took recombination into account for the Vietnam HA dataset (Table 1).  One amino acid position, 41, was found to be positively selected by FEL analysis before GARD, but not after.  However, this site 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did not have strong statistical significance, with a borderline p‐value of 0.049.     Of the sites shown to be under selective pressure with and without GARD, all had high levels of significance. Similar results (not shown) were found when comparing Datamonkey output for SLAC, FEL, and REL analyses before and after GARD analysis was performed on the Kentucky/Virginia HA dataset.  That is, fewer sites were reflected as being under selective pressure before GARD was applied than were after, and those that were identified by both methods tended to have strong levels of statistical significance.  These results tell us that while taking recombination into account is ideal, the most strongly selected sites should be able to be identified regardless.  Also, one can expect more sites to be detected as being positively or negatively selected when recombination is accounted for (i.e. after GARD analysis) than when it is not considered.  Finally, while some sites may be overlooked by analyses that do not consider recombination, it is relatively safe to assume that the number of false positives returned by these methods is negligible or nonexistent.  We can apply these assumptions when considering our larger datasets where we expect recombination has occurred, but were unable to take it into account due to overwhelming computational complexity.  Datasets that fit this description include the HA datasets from Australia, New York and Denmark.   Unlike the surface glycoproteins HA and NA, the internal proteins of the influenza virus have not been strongly associated with recombination events.  For this reason, it is not surprising that no recombination events were detected for the M2, or especially the M1 protein. 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Another important consideration when estimating dN/dS rates is the variation in synonymous substitution rates.  The comparison of results from one and two rate FEL analyses (Tables 3 through 4‐4), as performed on the Denmark HA dataset, highlights the importance of allowing for variation in the rate of synonymous substitutions over an alignment.  Many sites are inaccurately identified by the one rate FEL analyses as positively selected.  These include codon positions 41, 66, 160, 189, 205, 209, and 546.  It is likely that these sites are erroneously identified as positively selected because neither the SLAC, nor the more accurate two rate FEL analyses were able to confidently identify them as such.  At these positions, the estimation of dS applied over the entire alignment by the one rate FEL analysis must have been lower than the variable rate estimated by the SLAC or two rate FEL analyses.  This underestimation of dS results in the false identification of these sites as positively selected (dN/dS significantly greater than 1).  The converse situation occurs for the sites inaccurately identified by the one rate FEL analysis as negatively selected.  That is, at these sites, the estimation of dS applied is too high, resulting in dN/dS significantly less than 1.  Sites erroneously identified by the one rate FEL analysis for the Denmark HA dataset include 23, 32, 36, 42, 48, 57, and many more (see Tables 3 through 4‐4). 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B.  Statistical Significance   It was not uncommon for a single site from the same dataset to have contradicting results returned by the various methods used to detect evidence of positive or negative selective pressures.  As a rule, the most reliable of these results can be expected from the most appropriate method based on dataset size.  If a site is identified by more than one method, this should also be taken into consideration.  Indeed, it has been recommended that every available method be applied to obtain a consensus‐based inference, especially for small datasets (Kosakovsky Pond & Frost, 2005b).  Attention should also be paid to the sites identified as selected with very strong levels of statistical significance.  The standard cut‐off for statistical significance applied to the SLAC and FEL analyses was 0.05, and for REL analyses, it was 50.  In general, this value for the SLAC and FEL methods is considered significant.  However, according to Kosakovsky Pond and Frost, the default cut‐off value of 50 for the Bayes factor is somewhat arbitrary (2005a).  Bayes factor values anywhere between 10 and 100 signify strong evidence of selective pressure, and values over 100 are considered decisive (Kosakovsky Pond & Frost, 2005a).  It is also important to remember that FEL methods tend to give fairly accurate estimations of substitutions rates, SLAC methods tend to be more conservative, and REL methods are the most sensitive but also have a tendency to return false positives (Kosakovsky Pond & Frost, 2005a; Kosakovsky Pond & Frost, 2005b).     Keeping these distinctions in mind, we see that there is strong evidence of selective pressures acting at individual amino acid sites within the influenza virus.  As expected, a number of these sites have previously been shown to be involved in 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interactions with antibodies or antiviral medications.  However, in other cases, unique sites are identified whose function may not have been clearly defined to date.  Comparing and contrasting these sites between our distinct geographic datasets may provide insight into these functions.  
C.  Hemagglutinin 
i. Analyses of Selective Pressures on Individual Datasets 
  Overall, we see that while epitopes are favorite areas for selective pressures, these influences are not consistent across all influenza populations, and instead may be influenced by the particular environment of their location.   
  Out of all of the datasets examined, Vietnam seemed to have the most unique characteristics (Tables 1 and 2).  Of the sites identified here as being positively selected for the Vietnam HA dataset, 181 (165) is part of epitope B (Wiley et al., 1981), 262 (264) is a T‐cell epitope (Jones et al., 1994), and (295) is located next to (294) which is a part of epitope B (Wiley et al. 1981).  Due to the functional associations of these residues, it is logical that they would be under positive selective pressures; however, these were not identified in any of the other datasets (Tables 3‐10).  One explanation for this could be that because viral isolates in Vietnam are able to circulate year‐round in the tropical climate, they have more opportunity (time) to accumulate these types of mutations.   It is important to remember that none of the sequences available from Vietnam were full length HA coding regions (Tables 1 and 2).  Because the number 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of amino acids in these incomplete sequences were much fewer than in the other full length sequences, it is unlikely that relevant information will be to extracted from these missing sites.  For this reason, when comparing the number of sites selected during each analysis involving isolates from Vietnam HA, it is reasonable to expect a smaller number of sites identified.  Additionally, it is possible that sites identified in other datasets from the terminal regions of the HA protein would have been similarly identified for Vietnam had they been available.   As far as the negatively selected sites from the Vietnam HA dataset are concerned, some also have functional associations.  For example, 71 (55) is next to residues 53 and 54 that are part of epitope C (Wiley et al., 1981).  This residue itself has been identified as a T‐cell epitope (Gianfrani et al., 2000) and Suzuki also found evidence that it may be negatively selected (2006).  Another negatively selected residue, 79 (63), is part of epitope E (Wiley et al., 1981).  Similarly, position 151 (135) is part of epitope A.  This site was found to be positively selected by Bush et al., (1999).  Sites 192 (176) and 258 (242) are both part of epitope D (Wiley et al., 1981).   Of the residues found positively selected from the Denmark HA dataset, site 215 (199) was also identified by Bragstad and coworkers (2008) (see Table 3).  This should not be surprising considering the datasets used here and in that analysis were almost identical, and the methods should have been extremely similar. This site has been shown to be associated with influenza growth in eggs (Hardy et al., 1995).   While the other sites found positively selected in the Denmark HA dataset 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(except for position 13) were only shown to be selected using one rate FEL, it is interesting to see that many of these do, in fact, have biological functions.  For example, the sites (193) and (144) have also been shown to be associated with influenza growth in eggs (Hardy et al., 1995).  The former of these was also identified by Bush et al. as being positively selected (1999).  In addition, site (144) was so identified by Gianfrani et al. (2000) as a T‐cell epitope.  Suzuki did not find strong evidence of selection at this site (p‐value = 0.9).  Other sites detected as positively selected by the methods presented here are also epitopes.  Position (50) is part of the HA epitope C, (173) is part of epitope D, and (189) is part of epitope B (Wiley et al., 1981).     Site 13 is part of the ‘signal peptide’ region of the influenza virus that helps to embed the protein in the membrane.  It is not surprising that some selective pressures would be active here, probably ensuring the proper attachment of the protein within the membrane.   From the Kentucky/Virginia dataset, several significant sites were also positively selected (see Table 7).  Two of these were the same as those selected in the Denmark dataset.  These included sites (193) and (173) involved in growth in eggs and epitope D respectively (Hardy et al., 1995; Wiley et al., 1981).  Site 202 (186), which is also involved in influenza growth in eggs, was commonly shown to be positively selected for both the Australia and Kentucky/Virginia datasets (Hardy et al., 1995) (see Tables 7 and 9).  Of these sites (193) (as mentioned above) and (186) were both found by Bush and coworkers to be experiencing positive selection (1999). 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 Sites 19 (3) and 236 (220) were found to be positively selected in the New York HA dataset.  It is interesting to note that while position (220) had strong evidence of being negatively selected in this dataset (p‐value = 0.001) (see Table 5), nearby positions (221) and (222) were negatively selected in the Denmark HA dataset (see Table 4‐2).  While these positions are near sections of epitope D (212‐219 and 226‐230), they are not actually a part of this site and might have other functions (Wiley et al., 1981).     Despite the sizeable number of sites identified as negatively selected for the Denmark HA dataset (Tables 4‐1 through 4‐4), many of them have been associated with functional areas of the protein.  Positions (117), (167), (182), and (219) are a part of epitope D and (166) is next to residue (167) which is also a part of this epitope (Wiley at al., 1981).  Other epitopes that were negatively selected are (133) epitope A, (150) epitope A, and (187) epitope B.  Residue (161) is negatively selected and adjacent to (160) and (163) of epitope B.  Similarly, (292) is near residue (294) of epitope C (Wiley et al., 1981).  Positions negatively selected and associated with influenza growth in eggs were positions (138) and (219) (Hardy et al., 1995).  Bush et al. found position (275) to be experiencing positive selective pressure; however, the data for Denmark presented here shows it to be negatively selected.  Similarly, here residue (138) is negatively selected but Bush et al. found it to be positively selected (1999).  Clearly this T‐cell epitope, as classified by Gianfrani et al. (2000), is under varying selective pressure depending on the dataset.   Position (319) is another example of a T‐cell epitope found to be negatively selected for the Denmark HA dataset presented here (O’Sullivan et al., 1991). 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 A region of negatively selected sites was identified for the Denmark, New York, Kentucky/Virginia, and Australia datasets. Sites (17), (24), and 52 (36) were negatively selected for all four of these datasets. Additionally, in this region 32 (16), 36 (20), 51 (35), and 59 (43) were selected in all of these datasets except Australia.  Site 46 (30) was selected in all of these datasets except New York.  This may be an important functional area.   Interestingly, also near this area, position 41 (25) was positively selected in Denmark.  While none of these residues were described by Wiley et al. as epitopes, they do seem to form an interesting cluster along the length of the HA protein (1981).  Figure 1 shows this cluster in orange along with the entire HA protein, and Figure 2 shows this cluster with only the epitopes identified by Wiley and coworkers, highlighted in blue (1981). 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Figure 1. Hemagglutinin with Cluster of Selected Residues This figure was generated using PyMol.  It shows the hemagglutinin protein (green), along with areas previously identified as epitopes (blue), and the cluster of residues found to be selected within the analyses described here (orange). 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Figure 2. Hemagglutinin with Cluster of Selected Residue This figure was generated using PyMol.  It shows the areas of the hemagglutinin protein previously identified as epitopes (blue), and the cluster of residues found to be selected within the analyses described here (orange).    
   Positions (113) and (115) as well as (161), (187), (319), and (323) all were negatively selected in New York and Australia. Similarly positions 351 (6) and 367 (22) of the HA2 protein were also negatively selected in both these datasets. Position 404 (59) was selected in these datasets, as well as Denmark HA.  From Denmark and New York, but not Australia, positions 406 (61) and 419 (74) were negatively selected (parentheses show HA2 numbering).   There were many similarities seen between the negatively selected sites in Denmark, New York, and Kentucky/Virginia. Some positions that were negatively selected in both of the New York and Denmark datasets including, but not limited to, (115), (117), (119), and 369 (51) (HA2 numbering). Position 399 (54) was also negatively selected in all three dataset (HA2 numbering).  Site 364 (19) was 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negatively selected in Denmark and Kentucky/Virginia.  Sites that New York and Kentucky/Virginia had in common as negatively selected also included 201(185), 271 (255), 310 (294), 432 (90), and 516 (171).   For the most part, the functions of these positions have not previously been identified.  An exception to this is position (117), which is a part of epitope D, as mentioned above (Wiley et al., 1981).  These positions may signal some similar adaptation to the cool temperate climates in New York and Denmark.   
 
ii. Differential Selective Pressures   By combining the results of the pairwise comparisons with those from the tests of selective pressures on the individual datasets, a picture begins to form of the various selective pressures acting across all datasets and within individual locations (see Tables 27‐1 through 31‐2).  For a summary of the most significant sites that were identified as differentially selected see Table 42.  At first glance, the sites significantly identified as being differentially expressed across the different geographic datasets appear evenly distributed across the entire HA protein with no significant correlations.  This pattern can be seen in Figures 3‐5.  Figure 3 shows the entire HA protein, Figure 4 shows the epitopes with these positions, and Figure 5 shows just these differentially selected sites.  However, upon closer examination, we see that there are some noteworthy associations to be made. 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Table 42. Summary of Differentially Selected Sites in the HA Protein 
This table summaries the results of all pairwise comparisons of the HA datasets.  The most 
significant sites are accompanied by p‐values returned by the CompareSelectivePressure.bf 
method of HyPhy.  For details see Tables 27‐1 through 31‐2.  In the table Aus/NY represents the sites significantly differentially selected between the Australia HA and New York HA datasets; Aus/Den represents the sites significantly differentially selected between the Australia HA and Den HA datasets; etc. The abbreviation ‘Viet’ represents Vietnam, ‘NY’ represents New York, ‘Aus’ represents Australia, ‘KV’ represents Kentucky/Virginia, and ‘Den’ represents Denmark.     
    
Codon  Aus/ 
NY 
Aus/ 
Den 
Aus/ 
Viet 
Aus/ 
KV 
Den/ 
NY 
Den/ 
KV 
Den/ 
Viet 
KV/ 
NY 
KV/ 
Viet 
NY/ 
Viet 
13              0.0364       
19          0.0196           
47          0.0495           
95    0.0406                 
119  0.0325              0.0910     
122          0.0240           
162      0.0432               
173                  0.0405   
198    0.0493                 
203        0.0231    0.0226    0.0462     
235    0.0138                 
291    0.0168        0.0466         
325        0.0498             
329      0.0928        0.0897      0.0466 
330      0.0407        0.0157    0.0387  0.0472 
339        0.0512    0.0899    0.0337     
374  0.0455                   
383        0.0479             
395  0.0187                   
406  0.0272                   
466          0.0498           
492  0.0345        0.0345           
505          0.0250           
532          0.0497           546            0.0167    0.0165     551  0.0458 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Figure 3. Hemagglutinin with Differentially Selected Residues This figure was generated using PyMol.  It shows the hemagglutinin protein (green), areas previously identified as epitopes (blue), and the various positions identified as experiencing distinct selective pressures between dataset examined here (multi‐colors) as shown in Table 42. 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Figure 4. HA Epitopes with Differentially Selected Residues This figure was generated using PyMol.  It shows the areas of hemagglutinin protein previously identified as epitopes (blue), and the various positions identified as experiencing distinct selective pressures between dataset examined here (multi‐colors) (Table 42).  
  
Figure 5. Hemagglutinin Differentially Selected Residues This figure was generated using PyMol.  It shows the areas of hemagglutinin protein previously identified as epitopes (blue), and the various positions identified as experiencing distinct selective pressures between dataset examined here (multi‐colors) (Table 42). 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 When considering the differentially expressed sites of the HA proteins, we first notice that many of these sites have previously been identified as epitopes (Wiley et al., 1981).  These epitopes can be identified in Figures 3‐5 as the blue cluster of positions primarily on the head of the protein (right‐hand side of these figures).  This supports the idea that even in areas of antigenic importance, different selective pressures are acting within various populations of influenza, as initially shown by the selective pressures analyses performed on the individual datasets.    The epitope sites within the HA1 domain that were identified as differentially selected between these populations include positions 119 (103), 160 (144), 162 (146), 173 (157), 182 (192), 203 (187), 235 (219), and 291 (275) (Wiley et al., 1981).  Another site, 95, while not an epitope itself, is closely positioned in these areas.     Three other sites not identified as epitopes also had strong support of being differentially selected.  These were positions 329 (313), 330 (314), and 339 (323).  Positions 329 and 330 were differentially selected between the Vietnam dataset and all the other datasets except Kentucky/Virginia.  In fact, the position with the strongest significance of differential expression was position 330.  When selective pressures at this residue were compared between the Vietnam and Denmark HA datasets a p‐value of 0.0157 was returned.  Interestingly, even with this strong discrepancy in selective pressures at these locations, neither position was found to be positively or negatively selected in the individual Denmark and Vietnam HA datasets.  These positions have not been addressed by previous research and may play an important role in the adaptation of the influenza virus to warm climates. 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 Other than the position at 330 and those positions identified as epitopes, a large majority of the lowest p‐values were all returned for residues in the HA2 domain of the protein (see Tables 27‐1 through 31‐2).  These sites included 395 (50) p‐value = 0.0187, 406 (61) p‐value = 0.0272, 505 (160) p‐value = 0.025, 546 (201) p‐values = 0.0167 and 0.0165, and less significantly 374 (29) p‐value = 0.0455, 383 (38) p‐value = 0.0391, 466 (101) p‐value = 0.050, 492 (147) p‐value = 0.0345 and 532 (187) p‐value = 0.050., with the number in parenthesis indicating HA2 numbering.  These findings are noteworthy especially because the HA2 portion of the HA protein has been less associated with amino acid substitutions and selective pressures overall (Bragstad et al., 2008).    Near this same area of the HA2 domain, some noticeable differences were also detected in results of analyses performed on the individual datasets. Positions 378 (33) and 376 (31) were found to be negatively selected in New York and Denmark, but 377 (32) was found to be positively selected in Kentucky/Virginia. These discrepancies may point to this area as variable depending on climate difference.  Had these residues been included in the Vietnam HA dataset, it is likely they may have also been negatively selected.   Two other significant sites were within the beginning of the protein at positions 19 (0.0196) New York vs. Denmark, and 13 (0.0364) Vietnam vs. Denmark. 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D. Neuraminidase 
i. Analyses of Selective Pressures on Individual Datasets 
  As with Hemagglutinin, the tests for selective pressures on each individual dataset resulted in some consistencies and many discrepancies between amino acid positions.  While some of the NA codons under selective pressure fell within areas identified as important for influenza virulence, a large number did not.  Overall, the selective pressures acting within NA seem less closely associated with epitopes as was seen in HA.   Of the positions found under selective pressure that had been previously identified as epitopes, site 343 was negatively selected in the Australia NA and New York NA datasets (see Tables 11 through 16‐4).  This is part of epitope C of the neuraminidase protein (Air et al., 1985).  Three sites within epitope A, 363, 385, and 387, also showed signs of selective pressures.  Here there is evidence of different selective pressures acting between the datasets, as sites 386 and 387 were negatively selected by the Denmark and Australia dataset, while site 385 was under positive selective pressure in the Vietnam dataset.  Also a part of epitope A, site 402 was under strong negative selection for the Denmark and New York datasets, as we position 403 in Denmark only (Air et al., 1985).  In epitope site B, position 221 was positively selected in the Denmark dataset; there also was weak statistical evidence that it was positively selected in the Vietnam dataset.  Just outside of epitope E, site 89 was shown to be under strong negative selection in the Denmark dataset (Air et al., 1985).  Figures 6 and 7 show a front and back view respectively of the NA protein with all previously identified epitopes displayed in blue. 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Figure 6. Neuraminidase with Epitopes – Front View This figure was generated using PyMol.  It shows the neuraminidase protein (green) and all residues previously identified as epitopes (blue) from the front side. 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Figure 7. Neuraminidase with Epitopes – Back View This figure was generated using PyMol.  It shows the neuraminidase protein (green) and all residues previously identified as epitopes (blue) from the back side.    
     Outside of positions identified as epitopes, many other sites were found to be under selective pressure.  Some of these overlapped for multiple datasets, while others were unique to individual locations. For example, site 411 was categorized as negatively selected with a high level of statistical significance for the Australia, Denmark, and New York datasets (see Tables11 through16‐4).  Site 463 was also strongly selected by both the Denmark and New York datasets.  In another area of the protein, we see sites 272, 277, and 278 showing strong evidence that they are under negative selection for both the New York and Denmark datasets.  On the other 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hand, sites 420, 436, 445, and 457 were all strongly negatively selected by only one dataset.  These datasets were Australia, New York, Denmark, and Vietnam, respectively.  Other incidences of selective pressures acting in strong consensus or unique discrepancies were observed between the different datasets.  For full details see Tables 11 through 16‐4.   As a whole, the tests for selective pressure on the NA protein returned more commonalities between the Denmark and New York datasets than between the Denmark and Australia or New York and Australia datasets.  While all three of these datasets are geographically distinct, New York and Denmark are more similar in climate and timing of influenza season than Australia is with these other two.  These important environmental differences may be the cause of the different selective pressures acting in these areas.    Resistance to antivirals is also an important consideration when looking at the NA protein since many mutations here can confer resistance to oseltamivir and zanamivir.  These positions include, among others, 119, 152, 274, and 292 (Gubareva et al., 2000).   Surprisingly, only one of these sites was found to be under significant selective pressure.  This site, 152, was under negative selective pressure in the New York dataset only (see Table 16‐1). 
 
ii. Differential Selective Pressures   As expected, and was seen in the HA protein, some of the sites of the neuraminidase protein that are experiencing significantly different selective pressures between dataset are involved with interactions with antibodies. For 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example, site 368 is a B‐cell epitope and a part of epitope A.  This site was shown to be negatively selected in the Denmark NA dataset (Table 14).  The selective pressures acting on this site for the Denmark dataset were strong enough to designate it as differentially selected between the Denmark and New York (p‐value = 0.0332) and less significantly between the Denmark and Australia (p‐value = 0.0506) datasets.  Table 43 summaries the significantly differentially selected sites identified by all pairwise comparisons of the NA datasets.  
Table 43. Summary of Differentially Selected Sites in the NA Protein 
This table summaries the results of all pairwise comparisons of the HA datasets.  The most 
significant sites are accompanied by p‐values returned by the CompareSelectivePressure.bf 
method of HyPhy.  For details see Tables 27‐1 through 31‐2.  In the table Aus/NY represents the sites significantly differentially selected between the Australia NA and New York NA datasets; Aus/Den represents the sites significantly differentially selected between the Australia NA and Den NA datasets; etc. The abbreviation ‘Viet’ represents Vietnam, ‘NY’ represents New York, ‘Aus’ represents Australia, ‘KV’ represents Kentucky/Virginia, and ‘Den’ represents Denmark.   
Codon  Aus/ NY  Aus/ Den  Aus/ Viet  Aus/ KV  Den/ NY  Den/ KV  Den/ Viet  KV/ NY  KV/ Viet  NY/ Viet 4  0.0575      0.0449             27  0.0446                   45          0.0332  0.0944         94          0.0246           215  0.0321  0.0918  0.0936  0.0431             386          0.0314           403    0.0109  0.0499               416          0.492           434            0.0421         436              0.050    0.0853  0.0162 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Another site, 94, was also differentially selected between the New York and Denmark datasets (p‐value = 0.0246).  This has been identified as a T‐cell epitope (Gianfrani et al., 2000).  It was suggested by Colman et al. that position 434 is likely to contribute to the interaction of NA with antibodies.  This site was found to be differentially selected between the Kentucky/Virginia vs. Denmark datasets with a p‐value of 0.0420 (see Table 35).  None of the sites that confer resistance to antivirals, however, were considered as differentially selected between any of the datasets.   The site with the strongest statistical significance supporting differential selective pressures acting on it was position 403.  When compared between Australia and Denmark, this site was assigned a p‐value of 0.0109.  A comparison of Australia vs. Vietnam yielded a slightly higher p‐value of 0.0499 (see Table 32).  It is difficult to say if these differences can be accounted for by the relative distance between these locations, or if it could be a measure of the climate, i.e. Australia having a more similar climate to Vietnam than Denmark.  Unfortunately, no evidence was produced in comparisons with the New York or Kentucky/Virginia datasets to aid in this conclusion.   Another exciting residue differentially selected across multiple datasets was 436.  This site returned p‐values of 0.0162, 0.0500, and 0.0853 when the New York, Denmark and Kentucky/Virginia datasets were compared against the Vietnam dataset (see Table 34 Vietnam NA – Comparison of Selective Pressures).  These results suggest that position 436 may be an important position for the adaptation of influenza to different climates.  In particular, this shows a contract between more 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temperate and tropical regions.  We see that the most significant difference in selective pressures at this site are between the Vietnam and New York datasets, two locations drastically different in location and climate.  Next, there is also a great deal of difference between the Denmark and Vietnam datasets at this position, two locations that have different climates and are far apart but are on the same landmass.  The statistical significance for different selective pressures at this location are less than for the comparison of Vietnam to Kentucky/Virginia, an area that is warmer and probably more similar in climate to Vietnam than the previously mentioned locations.  The consideration that New York is physically close to Kentucky/Virginia, but produced such different results for this site, gives weight to the idea that climate played a role in this difference.  Finally, we see that there is no statistical significance (p‐value > 0.10) indicating different selective pressures at this location between the Vietnam and Australia datasets.  These two locations are the closest to each other physically and perhaps also in climate.   Site 215 also seems to have some significance, in particular for the Australia NA dataset.  This site was found to be differentially selected between this dataset and every other geographic dataset.  Like position 436, the greatest statistical difference was seen for the New York dataset (p‐value 0.0321) and then for the Kentucky/Virginia dataset (p‐value = 0.0431).  This again suggests that the difference in p‐values could be because Australia is closer to Kentucky/Virginia in climate than New York.  A p‐value of 0.0935 for Vietnam fits into this hypothesis; however, a p‐value of 0.0918 for Denmark does not.   The most striking consideration for the residues listed above, and the others 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that also showed divergent selective pressures, including 124, 143, 219, 404, and 416, are their positioning within the NA protein.  Unlike the scattered pattern seen in the HA protein, the positions identified here confine themselves mainly to the bottom center of the protein, away from the regions of epitopes, and in prime positions to be exposed for interactions (see Figures 8 and 9). The residues with the strongest evidence of differential selection between populations are the most exposed at the tips of the protein.  These residues (403 and 436) are colored red in Figures 8 and 9.  All of the sites with p‐values less than 0.05 and most with p‐values less than 0.06 are at least partially exposed at the surface of the protein.  The positioning of these sites strongly suggests that they are functional residues which provide important purpose for the protein. Even more significant is that, not only do these residues probably serve a vital purpose in the protein, they also seem to be functioning differently depending on the geographic location they reside in.  Adding to this significance is the consideration that many of these sites were not previously identified for their functional properties. 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Figure 8. Neuraminidase with Epitopes and Differentially Selected 
Residues 
 This figure was generated using PyMol.  It shows the neuraminidase protein (green), all residues previously identified as epitopes (blue) and the sites found to be differentially selected between the datasets presented here (Table 43).  Sites shown differentially selected with p‐values between 0.06 and 0.05 are highlighted in pink, sites with p‐values less between 0.05 and 0.02 are highlighted in oranges, and those with p‐values less than 0.02 are highlighted in red. 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Figure 9. Neuraminidase with Differentially Selected Residues This figure was generated using PyMol.  It shows all residues previously identified as epitopes (blue) of the neuraminidase protein and the sites found to be differentially selected between the datasets presented here (Table 43).  Sites shown differentially selected with p‐values between 0.06 and 0.05 are highlighted in pink, sites with p‐values less between 0.05 and 0.02 are highlighted in oranges, and those with p‐values less than 0.02 are highlighted in red. 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D. The Matrix Proteins 
  The internal matrix proteins, M1 and M2, are less involved in the virulence of the influenza virus.  Due to this, they are less likely to be affected by selective pressures related to host‐virus interactions.  However, as mentioned above, the matrix protein M2 is involved in resistance to the antiviral medications amantadine and rimantadine.  It is expected that the amino acid positions responsible for this resistance will experience some level of selective pressure.  This was not found to be the case for the datasets examined here; however, some evidence of selective pressure in these proteins was connected to other vital functions.   
 
i. Matrix Protein 1  
  Of the sites experiencing selective pressures in the M1 protein, many are in agreement between the different geographic datasets.   For example, site 88 is negatively selected for the New York, Denmark, and Australia datasets.  In addition, positions 134 and 152 were both negatively selected by the New York, Denmark, and Vietnam datasets.  A site in consensus among three of the datasets is 174; positively selected for the Australia, Kentucky/Virginia and Denmark datasets.  Site 224 was negatively selected by all of the datasets except Australia. 
Like the HA and NA proteins, some selective pressures in M1 are seen at sites identified as epitopes.  One such site is 23; this was negatively selected for the New York, Australia, and Denmark datasets.  This site has been identified as a T‐cell epitope by Rothbard and coworkers (2001).  Another two sites which have been 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shown to be T‐cell epitopes, and are negatively selected, include position 51 (New York), and 61 (Australia and Vietnam) (Andersen et al. ,1999; Gotch et al., 1988).  
Based on these analyses, a group of sites, under selective pressures that were not previously identified as epitopes, range between positions 207‐224 of the M1 protein.  As mentioned above, site 224 was negatively selected by four of the datasets.  Conversely, positive selective pressures were detected for positions 207 (Denmark), 208 (Denmark), 218 (Denmark and Australia), and 219 (Denmark and Australia).  Bragstad et al. also recognized positive selection at these sites for a similar dataset consisting of isolates from Denmark.  Within this region, position 220 was found to be negatively selected for the Vietnam dataset only.   
Position 211, which also falls in the region mentioned above, was the only site found to be under significantly different selective pressures.  In fact, this site returned the strongest p‐value for any of the analyses of this type, performed on any of these proteins.    A comparison of the selective pressures at site 211 between the Vietnam and New York datasets returned the p‐value in question of 0.0080 (see Table 41). This site was negatively selected by the Vietnam dataset, but positively selected by the Australia, Kentucky/Virginia, and Denmark datasets.  Interestingly, unlike the other datasets, it was not positively or negatively selected by the New York dataset.    This region may have important functional implications for the protein not previously identified. 
Of the limited statistical support for differences in selective pressures in the M1 protein, the site mentioned above was the only one to return a p‐value below 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0.05.  Overall, only comparisons with Vietnam returned any evidence (p‐value < 1.00) of differences in selective pressures.  Four sites were noted between this and the New York dataset, and two between the Denmark and Australia datasets.  No sites were identified for the Kentucky/Virginia dataset, most likely because its small size prevented any relevant information from being extracted (n = 5 after duplicates were removed).  The singular presence of differential selective pressures acting on the Vietnam dataset may be a product of the tropical environment in which these isolates reside.  Here, unlike any of the other locations, the virus is able to circulate year round, providing more opportunity for the accumulation of mutations.  
 
ii. Matrix Protein M2   Because the M2 is an intermembrane protein implicated in resistance to antivirals and interactions with the HA and NA proteins, one would expect this protein to experience stronger selective pressures than its internal protein counterpart, M1.  However, these analyses performed here show the converse to be true.  None of the amino acid positions that confer resistance to amantadine and rimantadine were found to be under any selective pressure.     Negative selective pressures were detected in all of the dataset except for Vietnam (see Figures 22 through 26). While REL Datamonkey analysis suggested that all sites in the Kentucky/Virginia M2 dataset were under purifying selection, the small size of this dataset (n=3) makes any designation questionable.  Neither SLAC nor FEL analyses found any sites under negative selection, further adding doubt to the REL designation.  Conversely, with a p‐value of 0.000 (the strongest 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significance of negative selection among all the M2 datasets), we can be certain that position 2 of the New York dataset is indeed negatively selected.  This site is located in the B‐cell epitope identified by Zebedee and Lamb, along with another negatively selected site 5, from the New York dataset, and a positively selected site, 16, from the Vietnam dataset (1988).  Other sites identified as being influenced by negative selection include 61 (Denmark, p‐value = 0.0293), 62 (Australia, p‐value = 0.0208), and 65 (New York, p‐value = 0.0233).  Another cluster of sites found to be negatively selected were all from the New York dataset with p‐values less than 0.02.  These were sites 72, 74, 75.  Although not previously implicated as such, either of these clusters of selected sites may represent functionally significant areas of the protein or even epitopes.  This is a reasonable suggestion considering the strong evidence of selective pressures seen for the epitopes of other proteins.   The positively selected site at position 16 mentioned above was the only site found to be under positive selection in any of the M2 datasets.  This site has a strong Bayes factor at 212, making it fairly certain that this site is indeed under positive selective pressures.  As the only dataset showing signs of positive selection, and lacking any indication of negative selection, here we again see Vietnam going against the norm set by the other datasets from more temperate locations. 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Conclusion   Over the proteins examined here, significant evidence has been found to support the idea that there are differential selective pressures acting on influenza in distinct geographic areas.  While many of the sites identified as differentially selected have been previously identified as epitopes, several unique areas have also been discovered which may shed light on the molecular mechanisms of influenza adaptation to different environments.   From the comparisons of Hemagglutinin coding region sequences isolated from New York, Denmark, Kentucky/Virginia, Australia, and Vietnam, we see a few clusters of differentially selected sites which may play a role in the adaptation of the influenza virus to these distinct environments.  Several of these areas have not been previously identified as epitopes.  For example, as displayed in figures 1 and 2, a number of sites between residues 17 and 43 experienced different selective pressures among the different datasets.  A number of sites; such as (115), (117), (119), (51), (54), and (19), were negatively selected in the cooler temperate datasets of New York, Denmark, and sometimes Kentucky/Virginia.  These may be important positions for the function of influenza in temperate climates.  Conversely, differences are seen between the other datasets and Vietnam at positions 329, 330, and 339 point to positions essential to its function in tropical climates.     When discussing the HA protein of influenza A, it is particularly important to recognize the significance of recombination events.  Had recombination been able to be accounted for in the largest HA datasets (New York, Denmark, and Australia), it is probable that even more sites would have been identified as experiencing selective 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pressures.  Allowing portions of an alignment to evolve along their own phylogenetic tree enables more information to be extracted in terms of selected sites is supported by the results of analyses performed before and after GARD was applied to the Vietnam HA dataset (see Table 1).  Perhaps, if these additional sites were able to be recognized in the largest HA datasets, the positions shown to be under selective pressures would have grouped together in a more informative formation.  Instead, while we see that the sites identified as differentially expressed do not form clear associations between datasets, there is an interesting prevalence of sites identified in the HA2 domain of the protein (see Figures 3‐5).  Further studies on this portion of the protein may support the idea that it could play a role in the adaptive evolution of the virus.  This evidence stresses the need for more research to focus its efforts on this part of the protein.   Several areas within the NA protein that have not been identified as epitopes also showed signs of differential selective pressures.  One such grouping of sites 272, 277, and 278 was shown to be under strong negative selection for both the New York and Denmark datasets.  Here we see another area potentially involved in the adaptation of the virus to cool, temperate climates.  This overall consensus of selective pressures between the Denmark and New York datasets, as opposed to the Australia datasets, provides additional support to the idea that the methods described here may be able to detect molecular responses to differences in climate.    The physical locations of sites identified as experiencing different selective pressures between geographic datasets within the NA protein is of particular interest.  We see that, unlike the seemingly random clustering of sites in the HA 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protein, the significantly differentially selected residues are mainly confined to extremities of the NA protein and away from previously identified epitopes.  One of the sites with the strongest statistical significance of being differentially selected fell into this category.  Also important in this residue, we see a direct correlation between difference in climates between datasets and level of p‐value returned, i.e. the locations with the most disparate climates returned the strongest p‐values.   Even within the matrix proteins, which are not expected to experience as much selective pressures as their external counterparts, we see evidence of differential selective pressures.  For example, a group of sites between 207‐224 of the M1 protein, that were found to have different selective pressures between the datasets, may help this protein to respond to these different environments.  A cluster of sites with strong p‐values supporting negative selection in the Denmark, New York, and Australia datasets within the M2 protein included sites 61, 62, and 65.  This may be another functional area not previously identified.   An important theme that arose during the analyses described here was the tendency of Vietnam to experience the most distinctive selective pressures among these datasets.  For example, position 211 of the M2 protein had the strongest p‐value of any site in any of the proteins in support of its differential selection between the New York and Vietnam datasets.  As the only dataset chosen from a tropical region, the differences seen for the Vietnam dataset may be attributed to the ability of the virus to circulate year round, increasing its chances of accumulating mutations.  If the viruses do indeed migrate from North to South or South to North between temperate region influenza seasons, this would place 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equatorial Vietnam in a prime position to be affected by the influences of both hemispheres.  Additional analyses including multiple datasets from areas in tropical regions around the equator will be required to support or dispute these findings.  Another possible explanation for the differences seen in selective pressures may be caused by a difference in the genetic population of the hosts in these locations.    While a considerable number of sites identified in all of the proteins as experiencing differential selective pressures between the datasets have previously been identified as epitopes, in many ways this only adds legitimacy to the argument that these pressures may indicate the molecular basis of influenza adaptation to different environments.  First, these results are consistent with previous research that has found evidence of selective pressures preferentially located in known epitopes (Bush et al. 1999; Suzuki et al, 2006).  From this we can deduce that additional sites identified here that do not already have known functions associated with them may also have biological relevance.  Taking this one step farther, we see that by examining differentially selected sites between distinct geographic datasets, the mechanism of viral adaptations to these environments may be uncovered.     While much of the information presented here lends itself to the concept that amino acid positions differentially selected between distinct geographic datasets are the molecular basis of viral adaptation to these environments, more evidence is needed to support this decisively.  Further studies using different techniques and additional datasets will be required to test assumptions made here.  However, the methods described herein should prove to be a logical starting point for comparison based studies of the molecular response of influenza to different environments. 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